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ANNUAL  REPORT  OF  PROGRAM  ACTIVITIES 

NATIONAL  INSTITUTE  OF  ALLERGY  AND  INFECTIOUS  DISEASES 

JULY  1,  1976  THROUGH  SEPTEflBER  30,  1977 

In  this  period  of  15  months  (a  reporting  period  occasioned  by  a  change  in  the 

fiscal  year),  thpre  has  been  a  progression  of  changes.  Many  of  these  are 

detailed  in  the  reports  of  tho  Program  Directors  and  Laboratories  and  will 
only  be  highlighted  here. 

Organizationally,  the  major  change  has  been  in  the  Extramural  Programs.  The 
objective  has  been  to  place  the  emphasis  on  research  programs  and  to  more 
clearly  separate  the  management  and  review  functions  from  the  research  pro- 
gram functions.  In  summary,  this  has  led  to  the  establishment  of: 

-  A  Microbiology  and  Infectious  Diseases  Program  (MIDP)  into  which  were 
combined  the  former  branches  of  the  Extramural  Program  responsible  for  virology, 
bacteriology,  and  parasitology  grants;  the  collaborative  program  Infectious 
Diseases  Branch  responsible  for  contracts;  the  Geographic  Medicine  Program 
responsible  for  the  U.S. -Japan  Program  and  International  Centers  for  Medical 
Research  grants  and  contracts,  and  those  elements  of  the  Research  Resources 
Branch  which  are  directly  related  to  microbiology  and  infectious  diseases. 

Dr.  William  S.  .Jordan,  Jr.  joined  the  Institute  on  an- Intergovernmental  Per- 
sonnel Act  loan  from  the  University  of  Kentucky  School  of  Medicine  to  give 
leadership  to  this  reorganization  of  responsibilities  and  reordering  of 
elements  of  program.  He  serves  as  the  Director,  MIDP. 

-  An  Immunology,  Allergic  and  Immunologic  Diseases  Program  (lAIDP)  into 
which  were  combined  the  former  Immunology  Branch  of  the  Extramural  Program 
responsible  ■•'or  grants,  the  Collaborative  Program  Transplantation  Immunology 
Branch  responsible  for  contracts,  and  those  elements  of  Research  Resources 
Branch  directly  related  to  the  revamped  program  responsibilities.  Dr.  Sheldon 
Cohen,  former  head  of  the  Irrmunology  Branch,  was  appointed  Acting  Director, 
lAIDP  and  at  years  end  awaits  only  approval  of  the  DHEW  and  Civil  Service 
Commission  of  his  nomination  as  permanent  Director. 

-  An  Extramural  Activities  Program  (EAP)  into  which  were  combined  the 
former  Txtramural  Program  of  Training  Grants,  elements  of  the  former  Collabora- 
tive  Program  Research  Resources  Branch,  the  Comittee  Management  Office  and  Con- 
tract MdtiaqemenL  Br-anch,  and  the  other  grants  management  and  analysis  functions. 
Dr.  William  I.  Gay  was  appointed  Director,  EAP. 

In  addition,  an  Office  of  Specialized  Research  and  Facilities  was  established 
in  the  Office  of  the  Director  to  develop  and  manage  the  projects  related  to 
safer  recombinant  DNA  and  other  genetic  recombinant  research.  This  includes 
a  series  of  contracLs  to  develop  and  provide  safer  hosts  and  vectors  and  the 
development  and  maiiaqencnt  of  facilities  for  P-3  and  P-4  levels  of  containment 
as  national  facillLios.  Dr.  John  Nutter  was  appointed  Chief  of  this  Office 


An  Office  of  International  Biomedical  Research  was  also  established  1n  the 
Office  of  the  Director.  Dr.  Howard  Minners  was  appointed  Chief  of  this  Office. 
Its  major  function  is  to  provide  an  interface  between  the  NIAID  and  the  Fogarty 
International  Center,  the  Office  of  International  Health,  DHEW,  the  World  Health 
Organization  and  Pan  American  Health  Organization,  the  Agency  for  International 
Development,  the  State  Department,  and  other  agencies  or  organizations  related 
to  international  health  activities.  This  Office  is  responsible  for  NIAID  Public 
Law  480  activities  and  for  scientific  exchange  visits  with  other  countries. 
Dr.  Minners  was  seconded  to  the  World  Health  Organization  for  a  two  year  period 
beginning  in  July  1977.  Dr.  Joseph  A.  Cook  was  recruited  to  assist  in  inter- 
national programs  during  Dr.  Minners'  absence. 

A  two  year  effort  to  recruit  a  new  Scientific  Director  culminated  in  success 
as  the  year  drew  to  a  close.  Dr.  Kenneth  Sell  who  had  been  well  known  as  an 
advisor  and  participant  in  the  Institute's  Transplantation  and  Immunology  Pro- 
grams joined  the  Institute  on  September  19,  1977.  Dr.  Sell,  a  pediatrician, 
holds  a  Ph.D.  in  Immunology  and  had  a  distinguished  career  In  the  Navy  before 
his  present  appointment. 

Still  another  Important  addition  was  the  appointment  of  Mr.  Vincent  Thomas  as 
Equal  Employment  Opportunity  Coordinator  for  the  NIAID. 

A  Task  Force  on  Allergy  and  Immunologic  Diseases  was  established  to  summarize 
the  current  state  of  knowledge,  define  needs  for  research  and  to  provide  the 
Institute  with  recommendations  and  priorities.  The  scope  of  the  work  extends 
to  defining  the  socioeconomic  Impact  of  these  diseases  and  the  ways  for  better 
professional  and  public  education.  The  report  is  expected  to  be  published 
during  the  next  fiscal  year  as  will  that  of  the  Task  Force  on  Virus  Diseases 
created  during  FY  1976. 

Another  highlii^ht  was  the  establishment  of  a  new  Laboratory  of  Immunogenetics 
111  the  intrdiiiurdi  program.  Dr.  Thomas  Kindt  moved  from  the  Rockefeller  Univer- 
sity to  become  Chief  of  this  new  laboratory.  It  reflects  the  fast  moving 
research  In  the  field  and  complements  the  other  Intramural  research  in  immun- 
ology. 

Th(.>  Director  completed  the  first  "annual  report"  of  the  Institute,  prepared 
for  .1  general  roadership  and  highlighting  research  progress.  Entitled,  in 
brief,  "Sure  Foundations"  from  a  Thomas  Jefferson  quotation  this  was  the  first 
of  a  planned  series  which  will  cover  the  variegated  research  activities,  intra- 
mural ly  and  extramurally.  While  not  "annual"  in  terms  of  a  regular  report 
appearing  on  set  anniversaries,  the  series  will  be  issued  for  the  most  part  on 
a  yearly  basis.  About  9,000  copies  have  been  distributed,  going  to  members  of 
the  NIH  and  DHEW,  the  Administration,  the  Congress,  the  scientific  and  medical 
communities  and  the  public.  Since  this  has  provided  a  much  more  available 
chronicle  of  scientific  progress,  it  would  be  redundant  to  repeat  it  here. 

At  the  1976  Appropriations  hearings,  members  of  the  Congress  urged  that  NIH 
increase  its  efforts  to  disseminate  information  to  practicing  physicians. 
Responding  to  this  mandate,  as  well  as  to  the  request  of  the  Director,  NIAID 
III. 1 1.  I.tic  Orricf!  of  R(>s(Mrch  Reporting  and  Public  Rosponso  (ORRPR)  broaden  its 


communications  efforts  with  the  Institute's  various  constituencies,  ORRPR  has 
increased  both  the  scope  and  volume  of  its  activities. 

Eight  articles  have  been  prepared  for  the  "News  from  NIH"  section  that  appears 
monthly  in  the  Journal  of  the  American  Medical  Association.  These  articles, 
aimed  at  the  general  practitioner,  report  current  research  activities  conducted 
or  supported  by  NIAID.  Frequently,  a  specialist  is  listed  for  physicians  to 
contact  for  further  information  or  an  Institute  publication  is  offered. 

Twenty-three  "Research  Reports"  --  non-technical  summaries  based  on  papers  or 
presentations  made  by  NIAID  scientists,  grantees  or  contractors  --  were  written 
during  the  year.     These  reports  were  distributed  to  the  Institute's  professiona 
staff,  advisory  groups,  a  number  of  science  writers  and  to  others  on  request. 
In  addition  to  alerting  these  groups,  the  reports  are  valuable  in  replying  to 
inquiries  from  Congress,  the  medical  profession,  general  public  and  the  press. 

ORRPR  assisted  in  the  preparation  of  several  items  that  have  been  added  to  the 
growing  list  of  publications  available  for  distribution  to  medical  and  scienti- 
fic professionals.  These  include:  Catalog  of  Tissue  Typing  Antisera;  Manual 
of  Tissue  Typing  Techniques;  Immunology:  Its  Role  in  Disease  and  Health; 
Recommendations  of  the  Task  Force  on  Immunology  and  Disease;  and  Biological 
Regulation  of  Vectors. 

During  the  past  year,   ORRPR  issued  new  fact  sheets  on  "Hospital  Associated 
Infections"  and  "Antiviral  Substances,"  released  revised  fact  sheets  on  "Common 
Cold,"  "Fungal  Infections,"  "Leprosy,"  "Mononucleosis,"  "Parasitic  Roundworm 
Disease,"  "Rabies,"  and  "Strep  Infections"  and  revised  the  pamphlets,  "Sinusi- 
tis," and  "Poison  Ivy  Allergy." 

In  cooperative  ventures  with  the  Consumer  Information  Center,  General  Services 
Administration,  ORRPR  prepared  two  publications  --  "Questions  and  Answers  on 
Allergy"  and  "Acne."  Approximately  100,000  copies  of  each  publication  will  be 
distributed  through  the  Center's  Pueblo,  Colorado  unit  next  year. 

Administrative  documents  prepared  and  distributed  by  ORRPR  during  the  year 
included:  "NIAID-Supported  Research  Relevant  to  Dermatology  and  Cutaneous 
Diseases,"  "NIAID  Support  of  Research  Relevant  to  SLE  (Systemic  Lupus  Erythe- 
matosus)," "Questions  and  Answers  on  Recombinant  DNA,"  and  "Research  Programs 
of  NIAID." 

In  order  to  distribute  NIAID  publications  more  effectively  to  constituencies, 
ORRPR  incorporated  the  membership  listings  of  three  organizations  --  the 
Infectious  Disease  Society,  the  American  Academy  of  Allergy,  and  the  American 
Association  of  Immunology  —  into  the  NIH  computer  system.  Use  of  computer- 
produced  address  labels  will  help  facilitate  future  mailings. 

Special^  EvenJ;s_  --  Major  press  briefings  were  held  (1)  to  report  on  the  studies 
and  results  of  the  "Swine  Flu"  vaccine  trials  in  children  (October  1976  and 
January  1977),  (2)  to  announce  the  results  of  the  drug  treatment  of  herpes 
encephalitis  with  adenine  arabinoside  (August  1977)  and  (3)  to  announce  the 
successful  completion  of  a  major  efficacy  trial  of  Group  A  meningococcus 


vaccine  in  infants  and  young  children  (September  1977).  The  second  included  a 
2-way  telephone  hookup  with  the  media  representatives  gathered  at  the  Univer- 
sity of  Alabama  in  Birmingham,  where  the  NIAID  collaborative  antiviral  therapy 
project  is  being  coordinated. 

Exhibits  were  developed  by  ORRPR  for  the  following  professional  meetings: 
American  Society  for  Microbiology,  New  Orleans  (May  8-13,  1977),  American 
Thoracic  Society,  San  Francisco  (May  15-18,  1977),  American  Academy  of  Derma- 
tology, Chicago  (December  4-9,  1976),  and  the  American  Congress  of  Allergy  and 
Immunology,  New  York  City  (March  26-31,  1977).  ORRPR  staff  worked  with  the 
public  relations  counselor  for  the  American  Academy  of  Allergy  in  developing  a 
Science  Writer's  Seminar  on  Allergy  held  March  24,  1977  at  the  New  York  Academy 
of  Sciences. 

Requests  from  the  Public  --  Requests  for  NIAID  publications  continue  to  show 
a  steady  increase.  During  the  year,  ORRPR  has  distributed  more  than  160,000 
publications.  Public  inquiries  requiring  special  handling  have  increased  from 
321  in  FY  1976  to  450  for  FY  1977.  In  addition,  an  estimated  7,000  telephone 
calls  from  the  general  public  and  representatives  of  the  press  have  been  handled 
by  ORRPR  staff. 

Clearance  of  Manuscripts  --  ORRPR  has  been  delegated  responsibility  for  clearing 
staff  manuscripts  submitted  for  publication  or  oral  presentation.  More  than 
400  manuscripts  have  been  reviewed  this  year. 

Library  Service  --  In  September  1976  space  was  acquired  by  ORRPR  to  centralize 
the  rapidly  growing  accumulation  of  books,  journals,  and  periodicals  which  had 
been  kept  in  three  separate  areas.  One  ORRPR  staff  member  was  assigned  the 
responsibility  for  organizing  and  administering  a  "functional  library." 
Nearly  900  books  have  been  catalogued;  more  than  100  directories,  annual  reports, 
almanacs,  statistical  references,  bibliographies,  etc.,  have  been  indexed;  and 
about  80  different  journals,  newsletters,  and  other  current  materials  have  been 
made  available  to  Institute  staff. 
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MICROBIOLOGY  AND  INFECTIOUS  DISEASES  PROGRAM  REPORT,  1976  -  1977 

Director's  Report 

The  Microbiology  and  Infectious  Diseases  Program  is  concerned  with  the  study 
of  microbes  -  bacteria,  viruses,  fungi,  and  parasites  -  and  with  the  pre- 
vention and  treatment  of  diseases  caused  by  them.  All  of  these  diseases  are 
"infectious"  in  the  sense  that  the  patients  have  been  infected  with  a  micro- 
organism; some  are  "communicable"  in  that  the  infectious  agents  spread  readily 
from  man  to  man,  or  animal  to  man,  i.e.,  are  "contagious".  The  first  steps 
to  prevention  of  an  infectious  disease  are  recognition  of  the  clinical  entity 
and  identification  of  the  etiologic  agent.  Then  follow  studies  of  the  epide- 
miology and  pathogenesis  of  the  disease,  of  the  biologic  characteristics  of 
the  organism,  of  the  nature  of  host  defenses  and  mechanisms  of  recovery,  of 
prospects  of  control  through  immunization  or  other  approaches  that  interrupt 
transmission,  and  of  antibiotics  or  other  substances  that  may  be  used  for 
treatment.  This  broad  scientific  spectrum  ranges  from  sophisticated  molecular 
research  to  careful  clinical  trials,  and  demands  the  talents  of  an  equally 
diverse  group  of  investigators. 

The  Microbiology  and  Infectious  Diseases  Program  (MIDP)  was  designated  as  one 
of  the  two  major  extramural  program  areas  of  NIAID  early  in  the  year,  and  the 
steps  essential  to  reorganization  were  completed  during  the  following  months. 
MIDP  established  two  new  branches  and  incorporated  six  existing  branches  into 
a  total  of  five  current  branches. 

The  existing  branches  amalgamated  were: 

Extramural  Programs 

Bacterial  and  Mycotic  Diseases 
Biochemistry  and  Physiology 
Parasitology  and  Medical  Entomology 
Viral  Diseases 

Collaborative  Research  Programs 

Geographic  Medicine 
Infectious  Diseases 

The  current  branches  are: 

Bacteriology  and  Virology 

Clinical  Studies 

Development  and  Applications 

Epidemiology  and  Biometry 

Molecular  Microbiology  and  Parasitology 


The  mission  for  each  branch  is  described  at  the  beginning  of  that  branch's 
report. 

Since  the  objective  of  reorganization  is  coordination  and  integration  of  pro- 
gram management  without  regard  to  the  mechanism  used  to  fund  a  particular  re- 
search or  training  project,  branches  and  their  program  officers  will  be  util- 
izing both  grants  and  contracts  as  appropriate.  Accordingly,  MIDP  staff  con- 
ducted several  training  sessions  on  grants  and  contracts  management  to  familiar- 
ize branch  chiefs  and  program  officers  with  the  funding  mechanism  new  to  them. 
New  guidelines  were  developed  for  the  assignment  of  grant  applications  and 
contract  proposals,  and  preparations  were  made  to  shift  assignment  of  existing 
grants  and  contracts  to  current  branches  in  accordance  with  newly  assigned  pro- 
gram responsibilities.  Completion  of  this  shift  is  targeted  for  1  October  1977. 
Thus,  the  new  framework  is  in  place  and  ready  to  function  within  the  new  mode 
during  the  next  fiscal  year. 

MIDP  is  fortunate  in  that  three  of  its  current  branches  are  headed  by  experi- 
enced Branch  Chiefs:  Dr.  Milton  Puziss,  Bacteriology  and  Virology;  Dr.  George 
Galasso,  Development  and  Applications;  Dr.  Irving  Delappe,  Molecular  Micro- 
biology and  Parasitology.  Two  able  career  officers  were  recruited  to  head  the 
new  branches:  Dr.  Robert  Edelman,  Clinical  Studies;  Dr.  George  Curlin,  Epide- 
miology and  Biometry.  The  two  new  branches  are  concerned  with  experimental 
design,  and  data  analysis,  with  opportunities  at  the  patient  care-research 
Interface,  and  with  clinical  studies  in  both  patients  and  healthy  volunteers. 
As  their  names  suggest,  two  of  the  other  three  branches  are  focused  on  micro- 
bial biology,  while  the  third  is  particularly  concerned  with  technology  trans- 
fer. It  is  clear,  however,  that  all  branches  will  be  concerned  with  "applica- 
tion" of  knowledge  and  that  the  existing  administrative  structure,  perhaps  like 
all  such  structures,  is  arbitrary  and  artificial.  Two  branches  now  have  re- 
sponsibility for  multidiscipl  inary  problem-oriented  progi-aiii  areas.  For  example, 
t.hc  l'.rjf:l.f>r in]()(|y  and  Viroloqy  Branch  administers  proqcams  tocused  on  sexually 
transmitted  diseases  and  hospital  associated  infections,  while  the  Development 
and  Applications  Branch  supports  broad  studies  of  acute  respiiatory  diseases 
and  of  enteric  diseases.  Such  programs  focus  on  syndromes,  setting,  and  hosts 
rather  than  on  the  nature  of  the  infectious  organisms,  so  conventional  assign- 
ment to  either  bacterial  or  viral  program  categories  is  precluded.  The  co- 
operative spirit  of  the  staff  has  made  it  possible  to  deal  with  such  overlaps, 
and  should  foster  development  of  a  consensus  to  guide  future  modification  of 
program  management. 

Concurrent  with  the  reorganization,  the  advisory  committee  which  previously 
served  the  Infectious  Diseases  Branch  was  assigned  new  duties,  becoming  re- 
ponsible  to  the  total  Microbiology  and  Infectious  Diseases  Program.  Accordingly, 
it  has  been  asked  that  this  committee  be  designated  the  Microbiology  and  In- 
fectious Diseases  Advisory  Committee,  and  that  its  membership  be  expanded  com- 
mensurate with  its  broader  areas  of  concern.  This  committee,  supplemented  as 
necessary  by  ad  hoc  consultants,  now  reviews  all  institutional  training  grants, 
all  program  project  grants,  and  all  contract  proposals  assigned  to  MIDP.  Its 
expanded  horizons  now  extend  from  microbial  genetics  to  parasitology,  from 
nosocomial  infections  to  international  health.  This  is  a  challenging  assign- 
ment, for  the  committee  must  be  conversant  with  the  total  program  as  it  ex- 
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amines  potential  components.  For  example,  the  advisory  committee  will  be 
reviewing  contract  proposals  and  program  project  grant  applications  stimulated 
by  the  Panels  of  the  U.S. -Japan  Cooperative  Medical  Science  Program. 

The  U.S. -Japan  Program  grants  and  contracts  have  been  assigned  to  appropriate 
areas  within  the  branches  (e.g.,  cholera  to  enteric  diseases,  rabies  to  viro- 
logy), with  certain  of  the  administrative  responsibilities  for  the  work  of  the 
Panels  and  Joint  Delegation  being  handled  in  the  Director's  office  by  Dr.  Earl 
Beck.  U.S. -Japan  research  reports  will  be  found  with  the  respective  branches. 
Dr.  Beck  also  administers  the  other  international  biomedical  activity,  the 
International  Centers  for  Medical  Research  Program.  These  two  programs  operate 
under  Public  Law  86-610,  the  International  Health  Research  Act  of  1960. 

The  U.S. -Japan  Cooperative  Medical  Science  Program  was  the  product  of  a  1967 
meeting  between  the  two  Heads  of  State.  It  was  agreed  that  the  two  countries 
would  collaborate  to  improve  the  health  of  the  developing  countries  of  Asia. 
Initially,  six  disease  categories,  cholera,  leprosy,  malnutrition,  parasitic 
diseases,  tuberculosis  and  viral  diseases  were  included.  In  1972,  a  seventh 
area  on  environmental  mutagenesis  and  carcinogenesis  was  added. 

Since  subnission  of  the  last  Annual  Report,  the  Subcommittee  on  Program  Review 
and  Planning,  a  subcommittee  of  the  Joint  Committee,  met  on  September  22,  1976, 
in  Tokyo,  and  in  Honolulu  on  February  3  and  4,  1977,  and  again  in  Bethesda  on 
July  13,  1977,  to  develop  recommendations  for  the  Joint  Committee. 

Meetings  of  the  Joint  Committee  were  held  in  Tokyo  on  September  24  and  25,  1976, 
and  in  Bethesda  on  July  14  and  15,  1977.  The  highlights  of  the  1976  meeting 
included  the  completion  and  acceptance  of  the  Second  Five  Year  Report  (1970- 
1975).  This  publication  documents  five  years  of  research  progress  in  six  of 
the  seven  disease  categories,  and  includes  valuable  and  comprehensive  biblio- 
graphies. Since  the  Enviromental  Panel,  the  seventh  area  added,  was  not  acti- 
vated until  1972,  only  three  years  of  progress  are  reported.  Next,  there  was 
a  decision  to  send  a  letter  authored  by  the  Joint  Committee  Chairmen  to  the 
Director-General  of  the  World  Health  Organization  (WHO)  transmitting  the  Second 
Five  Year  Report  and  exploring  ways  to  strengthen  scientific  cooperation  in 
areas  of  mutual  interest,  particularly,  filariasis,  leprosy  and  schistosomiasis. 
The  regular  cycle  of  panel  reviews  was  again  initiated  by  having  the  Leprosy 
and  Tuberculosis  Panels  meet  prior  to  the  Joint  Committee  meeting.  This  review 
will  be  completed  in  1977. 

A  half  day  symposium  was  convened  to  discuss  an  appropriate  response  to  the 
report  prepared  by  the  Binational  Review  Panel  on  Scientific  and  Technological 
Cooperation  between  Japan  and  the  United  States.  Dr.  Ivan  Bennett,  Chairman 
of  the  U.S.  Delegation,  capsuled  this  response  in  his  concluding  remarks,  and 
Drs.  Woodward  and  Iwasaki  were  asked  to  prepare  a  summary  report.  It  was  de- 
cided that  during  the  three  days  preceding  the  next  Joint  Committee  meeting  in 
Bethesda,  the  Joint  Panels  on  Parasitic  and  on  Viral  Diseases  were  to  hold 
scientific  conferpnces  and  begin  their  year  of  review. 

On  July  14  and  15,  1977,  the  Thirteenth  Meeting  of  the  Joint  Committee  was  held. 
The  formal  review  reports  for  the  Joint  Leprosy  and  Tuberculosis  Panels,  written 


by  Committee  members  on  both  sides,  were  read  and  accepted,  extending  the  life 
of  the  panels  at  least  another  three  years,  The  concluding  remarks  (trans- 
scribed  and  edited)  of  Dr.  Bennett  at  the  Symposium  on  the  Binational  Panel 
Review  and  the  Summary  Report  of  this  Symposium  prepared  by  Drs.  Woodward 
and  Iwasaki  were  approved.  The  Committee  approved  the  request  by  the  Cholera 
Panel  to  expand  its  guidelines  to  include  "virbio  ecology"  and  cholera-like 
illnessess  caused  by  "enterotoxigenic  E^,  coli".  The  conference  of  the  Joint 
Parasitic  Diseases  and  the  Joint  Viral  Diseases  Panels  were  attended  by  Com- 
mittee members,  this  started  the  panels'  year  of  review  which  will  be  com- 
pleted next  year  (1978)  in  Tokyo,  The  Subcommittee  recommended  at  its  1977 
Honolulu  meeting  that  a  Hepatitis  Working  Group  meet  in  Bethesda  as  part  of 
the  Joint  Viral  Panels  conference.  Prior  to  this  meeting,  the  Japanese  sci- 
entists indicated  that  the  date  was  not  convenient  and  asked  that  it  be  changed. 
The  U.S.  side  interpreted  the  request  as  a  cancellation.  The  subject  was  again 
discussed  at  the  July  13  Subcommittee  meeting,  and  a  recommendation  was  for- 
mulated for  consideration  by  the  Committee.  The  Committee  agreed  to  hold  a 
Symposium  on  Hepatitits  at  the  time  of  the  Joint  Committee  meeting  In  Tokyo 
in  1978  as  the  first  step  to  considering  a  new  initiative  for  the  Program. 
Also, the  Environmental  Mutageneisis  and  Carcinogenesis  Panels  will  begin  their 
first  year  of  formal  review.  The  Joint  Committee  indicated  that  the  Sub- 
committee on  Program  Review  and  Planning  would  meet  in  Honolulu  on  February  9 
and  10,  1978, 

The  International  Centers  for  Medical  Research  (ICMR)  Program  was  established 
in  1960  by  the  National  Institutes  of  Health  under  Public  Law  86-610,  the 
International  Health  Research  Act  of  1960.  The  purpose  of  this  Act  is:  "(1) 
to  advance  the  status  of  the  health  sciences  in  the  United  States  and  thereby 
the  health  of  the  American  people  through  cooperative  endeavors  with  other 
countries  in  health  research,  and  research  training;  and  (2)  to  advance  the 
international  status  of  the  health  sciences  through  cooperative  enterprises 
in  health  research,  research  planning,  and  research  tr.iining." 

The  four  ICMR  grants  are  funded  for  five  years  with  the  last  award  being  made 
in  FY  '75.  In  aggregate,  ICMR  units  are  serving  increasingly  as  a  national 
resource;  utilization  by  senior  as  well  as  less  experienced  scientists  is 
creating  a  modest  pool  of  investigators  with  a  sustained  career  interest  in 
international  or  geographic  biomedical  research. 

As  far  as  is  possible,  the  ICMR  core  grant  is  used  for  research  support  at 
the  off-shore  site  rather  than  at  the  parent,  domestic  university.  However, 
it  is  understood  that  some  preliminary  preparations  prior  to  an  overseas  as- 
signment is  frequently  necessary  and  desirable,  and  as  many  items  of  equipment 
and  supplies  as  feasible  are  purchased  in  the  United  States. 

In  the  past,  each  off-shore  site  was  visited  by  a  team  of  expert  ad^  ho£  con- 
sultants to  evalaute  research  progress  and  to  recommend  changes  or  modifica- 
tions in  areas  which  did  not  appear  to  be  productive  or  to  offer  scientific 
promise.  Contrary  to  practice,  the  overseas  units  have  not  been  site  visited 
since  FY  1975. 
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The  four  institutions  participating  in  the  ICMR  Program  and  their  respective 
areas  of  research  interest  are  as  follows: 

1.  The  University  of  California  ICMR  in  San  Francisco  with  its  overseas 
site  in  Kuala  Lumpur,  Malaysia,  is  under  the  direction  of  Dr.  Albert  Rudnick. 
Current  research  interests  include  continuation  of  the  studies  of  the  jungle 
cycle  of  dengue  and  the  importance  of  this  jungle  reservoir  as  a  source  of 
infection  in  man.  Studies  in  the  Community  Health  Section  include  population 
dynamics,  fetal  wastage  and  infant  mortality,  the  behavioral  aspects  of  com- 
municable disease  hazards,  medical  anthropology,  and  traditional  Chinese  med- 
ical practice.  The  Human  Genetics  and  Hematology  Section  is  concerned  partic- 
ularly with  abnormal  hemoglobins.  The  Parasitology  Section  is  studying  the 
host-parasite  interactions  in  relation  to  biocontrol  of  trematode  infections 
in  snails. 

2.  The  Johns  Hopkins  University  ICMR  in  Baltimore  has  its  overseas  site 
in  Dacca,  Bangladesh.  Since  the  writing  of  the  last  Annual  Report,  the  Pro- 
gram Director  has  changed  from  Dr.  Frederik  Bang  to  Dr.  Bradley  Sack.  In 
collaboration  with  the  Cholera  Research  Laboratory,  this  unit  is  emphasizing 
researcli  on  diarrheal  diseases  including  cholera,  shigellosis  and  entero- 
pathogenic  £.  col i ,  as  well  as,  nutrition,  immunology,  infection  and  their 
interrelationships. 

3.  The  University  of  Maryland  ICMR  in  Baltimore  and  Lahore,  Pakistan, 
is  under  the  direction  of  Dr.  Richard  Baker.  Research  in  Lahore  is  centered 
around  an  integrated  program  on  the  genetics  and  field  ecology  of  mosquito^ 
vectors.  Compound  chromosome  techniques  have  been  developed  and  a  pilot  field 
trial  using  semi-lethal  mutants  to  reduce  the  population  of  mosquito  vectors 
and  control  the  incidence  of  malaria  is  underway. 

4.  Tulane  University  in  New  Orleans  has  an  overseas  ICMR  unit  in  Cali, 
Colombia,  which  includes  a  rather  broad  based  research  program  in  infectious 
diseases,  immunology,  nutrition,  behavioral  science,  and  social  epidemiology. 
There  are   some  30  projects  distributed  as  follows:  75%  infectious  diseases 
and  immunology,  10%  nutrition  and  metabolism,  and  15%  behavioral  sciences. 
Dr.  Thomas  Orihel  is  the  Program  Director. 
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BACTERIOLOGY  AND  VIROLOGY  BRANCH 


The  Bacteriology  and  Virology  Branch  plans  and  conducts  research  grant,  pro- 
gram project  grant,  career  award,  training  grant,  fellowship  and  contract 
programs  In  bacteriology,  virology,  niycology,  and  rickettslology.  This  Branch 
was  created  by  combining  the  former  Bacterial  and  Mycotic  Diseases  Branch  with 
the  Viral  Diseases  Branch.  Dr.  W.  P.  Allen  serves  as  Virology  Program  Officer 
and  also  coordinates  the  activities  of  the  Viral  Diseases  Panel  of  the  U.S.- 
Japan Cooperative  Medical  Science  Program.  Dr.  P.  D.  Lambert  coordinates  the 
activities  of  the  Leprosy  and  Tuberculosis  Panels  of  that  program. 


Approximate  Level  of  Support 


Bacteriology  and  Mycology 

Activity 

Number 

Amount 

Research  Grants 
Career  Awards 
Training  Grants 
Fellowships 
Research  Contracts 

207 
13 
34 
31 
12 

$11,819,273 

430,584 

1,960,766 

355,688 

495,948 

Total 

297 

$15,062,259 

Virology 


Research  Grants 

237 

Career  Awards 

25 

Training  Grants 

20 

Fellowships 

41 

Research  Contracts 

1 

Total 


324 


$16,398,128 

755,392 

1 ,337 ,248 

426,000 

27,084 

$18.943.852 


Branch 


Total 


621 


$34,006.111 
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Bacteriology  and  Mycology 

Program  Summary 

Advances  In  fundamental  knowledqp  developed  1n  the  basic  sciences  are, the, 
cornpr^tnnp'i  lipnn  which  mridlcal  appHc.itlon  to  allpvi.itP  specific  htalth 
problem-j  ultlniately  rests.  Support  u(  research  in  the  more  basic  disciplines, 
including  bacteriology,  virology,  mycology  and  immunology,  must  be  maintained 
and  strengthened  to  increase  this  essential  fundamental  knowledge.  This 
Program  supports  many  worthwhile  projects  in  both  fundamental  and  applied 
biomedical  research,  with  the  ultimate  goal  being  the  translation  of  this 
knowledge  into  firm  methods  for  the  diagnosis,  prevention  and  therapy  of  a 
wide  array  of  bacterial  and  fungal  diseases. 

The  Special  Emphasis  Programs,  the  more  targeted  areas  of  the  Branch's 
responsibilities,  have  continued  to  show  growth,  though  at  a  somewhat  slower 
pace,  owing  to  the  current  fiscal  constraints.  Interest  in  the  Special 
Emphasis  Program  on  Hospital-Associated  Infections  (HAI)  by  the  biomedical 
community,  however,  is  becoming  more  evident,  as  judged  by  increases  in  the 
number  of  proposals  accepted  for  review.  The  Special  Emphasis  Program  on 
Streptococcal  Diseases  and  Sequelae  (STP)  recognizes  that  the  problem  of 
Group  B  streptococcal  (GBS)  infections  is  a  serious  health  problem,  parti- 
cularly among  neonates.  Program  staff  has  continued  efforts  to  expand  this 
research  area,  but  without  marked  success,  owing  primarily  to  fiscal  con- 
straints. Summaries  of  the  Special  Emphasis  Programs  follow: 

(1)  Biology  of  Sexually-Transmitted  Diseases  (STP) 

Sexually-Transmitted  Diseases  will  undoubtedly  remain  as  one  of  the  major 
health  problems  for  some  time  to  come.  This  is  particularly  true  of  gonorrhea, 
which  continues  its  epidemic  status,  not  only  in  the  United  States,  but  in 
many  other  countries  as  well.  The  problem  is  recognized,  at  least  in  the 
U.  S.,  as  a  behavioral  and  social  problem,  in  addition  to  its  purely  medical 
aspects.  Greater  attention  needs  to  be  focused  on  this,  although  it  may  be 
beyond  the  scope  of  the  Institute's  mission. 

The  program  goal,  as  approved  by  Council,  is  to  narrow  the  gap  areas  in  our 
fundamental  knowledge  relating  to  the  biology  and  immunology  of  these  diseases. 
The  program  is  concerned  with  the  basic  biology  of  the  causal  organisms  and 
their  antigenic  and  cellular  structures.  Epidemiology,  host  defense  mechan- 
isms, drug  resistance  and  susceptibility,  and  experimental  models  also  form 
part  of  this  program. 

The  program  currently  is  funded  at  approximately  $4  million,  including  four 
contracts.  A  number  of  training  grants  specifically  for  STD,  which  were 
originally  funded  for  three-year  periods,  will  be  terminating  in  the  next 
fiscal  period.  AtteiDpts  will  be  made  to  have  these  specialized  training 
programs  continued,  as  there  is  still  a  need  for  trained  research  workers 
in  this  important  public  health  area. 


Publications  and  Meetings 

A  monograph,  "The  Biology  of  Parasitic  Spirochetes,"  published  by  Academic 
Press,  was  issued  in  fiscal  year  1976  as  an  outgrowth  of  the  Institute- 
supported  symposium  on  the  Spirochetes  mentioned  in  last  year's  report. 
Another  monograph  on  "Non-Gonococcal  Urethritis  and  Related  Infections," 
published  by  the  American  Society  for  Microbiology,  was  Issued  in  spring  of 
1977  as  a  summation  of  the  symposium  held  in  April  1976  at  Lake  Placid,  New 
York.  In  addition,  an  article  appeared  in  the  Journal  of  Infectious  Diseases, 
135,  No.  5,  865,  1977,  sunmarizing  the  Institute's  Conference  on  the  Problem 
of  Penicillin-Resistant  Gonococci ;  this  was  held  in  Bethesda  in  Deceti4)er  1976. 

Research  Highlights 

POl  AI  12192-02  S.  Falkow  (K.  K.  Holmes.  Project  Director)  (University  of 
WashlngtoriTi  This  investigator,  as  a  member  of  the  large  program  project  on 
STD  at  the  University  of  Washington,  has  been  in  the  forefront  in  research  on 
the  worrisome  problem  of  the  penicillin-resistant  gonococci.  The  penlcillin- 
resistant  (B-lactamase  producing)  gonococci  were  examined  for  R  plasmids. 
Resistant  strains  isolated  from  human  cases  contained  a  common  4.4M-dalton 
plasmid;  study  showed  that  the  structural  gene  for  B-lactamase  was  located  on 
this  plasmid  genome,  and  other  data  revealed  that  the  penicillin-resistant 
gonococcus  contained  a  significant  portion  of  the  transposable  amplcillin- 
resistant  DNA  found  among  plasmids  of  enteric  origin.  A  Haemophilus  plasmid, 
for  examole,  was  shown  to  share  over  90%  of  its  nucleotide  base  sequence  with 
the  gonococcus  R  plasmid.  These  data  suggest  that  either  a)  R  plasmids  found 
in  the  gonococcal  organism  were  donated  by  Haemophilus  directly,  or  b)  a  pro- 
totype plasmid  of  unknown  incompatabillty  group  Is  being  spread  among  gram- 
negative  pathogens.  Further  study  implicates  conjugation  as  the  primary 
mechanism  of  R  plasmid  transfer  among  strains  of  gonococci.  This  has  serious 
Implications  for  the  problem  of  gonorrhea  therapy  and  control  as  well  as  for 
chemotherapy  for  meningococcal  disease. 

AI  13488-02  Z.  A.  McGee  (Vanderbi It  University).  A  human  fallopian  tube 
organ  culture  model  was  developed,  which  allowed  quantitation  of  damage  to 
the  mucosa  by  gonococci.  Loss  of  ciliary  vigor  and  loss  of  ciliated  cells 
from  the  tubal  mucosa  could  be  correlated  with  virulence  of  the  infecting 
organism,  as  was  previously  demonstrated  in  humans.  The  damage  to  the  mucosa 
produced  by  the  causal  organisms  was  rapid.  The  ability  of  type  4,  non-piliated 
gonococci  to  damage  tissue  (albeit  more  slowly  than  type  1  gonococci)  suggested 
the  presence  of  virulence  factors  other  than  pill.  Sterile  filtrates  of 
gonococci-infected  organ  cultures  consistently  caused  rapid  mucosal  damage 
within  24  hours,  whereas  control  filtrates  had  no  effect.  The  data  strongly 
suggest  that  the  damage  is  caused  by  a  toxic  factor  elaborated  by  the  gonococci. 

AI  13233-01  J.  A.  Yorke  (University  of  Maryland).  This  study  on  the  develop- 
ment  of  a  mathematical  model  of  a  gonorrhea  epidemic  Is  designed  to  understand 
and  develop  better  and  more  effective  control  efforts.  Results  of  this  study 
indicate  that  mass  screening  programs  to  detect  gonorrhea  Infections  are  not 
cost  effective  as  a  control  measure.  Additional  data  revealed  that  a  sexually 
very  active  "core"  population  in  a  city  causes  a  significantly  high  fraction 
of  all  new  cases  to  ensure  the  continuation  of  gonorrhea  as  an  endemic  disease 
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in  a  given  area.  Control  programs  aimed,  in  large  part,  at  persons  with  his- 
tories of  multiple  gonorrhea  infections  in  this  core  population  could  prove 
highly  effective  as  a  preventive  measure. 

K04  AI  00178-01  J.  B.  Baseman  (University  of  North  Carolina).  Metabolism  of 
treponemes  and  the  macromolecular  synthesis  by  virulent  Treponema  pallidum  is 
the  major  interest  of  this  investigator.  Deficiencies  in  synthesis  could  help 
explain  the  difficulty  in  establishing  in  vitro  cultivation  of  the  pathogenic 
treponeme.  The  organisms  studied  synthesized  proteins  linearly  over  several 
days.  Data  show  that  the  treponemes  have  a  significant  degree  of  anabolic 
synthesizing  biochemical  competence.  Virulent  treponemes  could  synthesize 
and  process  ribosomal  RNA  to  various  compounds.  In  other  studies,  the  specific 
orientation  and  attachment  of  the  treponeme  to  host  cell  surfaces  in  tissue 
culture  monolayers  was  demonstrated.  Once  attached,  these  organisms,  grown  in 
rabbit  testes,  remained  actively  motile  yet  anchored  in  place.  The  specific 
nature  of  the  treponemal  attachment  mechanism  was  studied;  this  mechanism  does 
not  seem  to  operate  with  non-virulent  species  of  treponemes.  Convalescent 
rabbit  sera  reduced  significantly  the  attachment  to  the  host  cells,  suggesting 
that  surface  structures  in  the  T.  pallidum  could  be  masked  or  inactivated  by 
host  humoral  components. 

AI  02336-18  P.  H.  Hardy  (Johns  Hopkins  University).  This  investigator  has 
Identified  and  characterized  an  antigen  from  the  cultivatable  Reiter  treponeme 
that  is  common  to  the  pathogenic  T.  pallidum  -  it  apparently  is  in  the  spiro- 
chete axial  filament.  It  is  the  only  spirochetal  antigen  reactive  with 
syphilitic  serum  that  can  presently  be  purified;  although  obtained  from  Reiter 
treponemes  it  is  basically  a  T.  pallidum  antigen.  The  major  humoral  immune 
response  in  syphilitic  InfectTon  is  against  this  antibody.  Six  major  antigens 
have  been  distinguished  from  purified  rabbit-grown  treponemes,  but  only  the 
axial  filament  antigen  has  been  characterized.  Other  data  indicate  that  serum 
albumin  is  strongly  bound  to  the  treponeme  lipoprotein  outer  envelope.  This 
finding  suggests  that  possibly  all  treponemes  in  vivo  may  have  bound  host 
albumin;  this  bound  albumin  may  protect  treponemes  against  host  defenses, 
analogous  to  that  in  schistosomiasis. 

AI  13149-02  T.  M.  Buchanan  (University  of  Washington).  This  investigator  is 
studying  the  antigenic  composition  and  the  inmunochemicdl  characterization  of 
gonococcal  pili.  The  ultimate  goal  of  the  project  is  to  clarify  the  role  of 
these  pili  in  gonococcal  infections  and  to  develop  a  candidate  vaccine  material 
from  the  purified  pili  preparations.  Data  thus  far  indicate  that  there  is  a 
clear  antigenic  heterogeneity  of  the  gonococcal  pill.  Only  ^%  of  shared  anti- 
geneity  for  pili  from  different  strains  of  the  gonococcal  organism  was  evident. 
Different  subunit  molecular  weights  and  amino  acid  compositions  of  pill  were 
seen  with  varying  antigenicity.  The  N-terminal  amino  acid  of  each  pilus  type 
was  an  unconmon  N-methyl phenyl  alanine.  Other  published  data  show  that  pili 
attach  to  cells  in  a  specific  manner,  usually  within  20-30  minutes.  Maximal 
attachment  was  seen  with  human  vaginal -cervical  cells  or  buccal  mucosal  cells 
and  significantly  poorer  to  polymorphonuclear  cells,  RBC,  or  to  human  sperm. 
Of  significance  is  the  finding  that  antibody  to  pili  inhibits  pill  attachment 
in  an  antigen  type-specific  fashion.  The  indications  are  that  the  attachment 
and  antigenic  moieties  of  the  gonococcal  pill  are  separate  and  removed  from 
each  other  on  the  pilus  molecule. 
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(2)  Hospital-Associated  Infections  (HAI) 

The  large  number  of  infections  associated  with  hospitalization  of  patients, 
and  the  great  costs  resulting  from  this  excess  hospitalization,  remain  a  major 
public  health  problem.  Additionally,  patients  on  immunosuppressive  therapy 
or  those  with  impaired  immune  defenses  show  a  disturbingly  high  mortality  to 
infections  caused  by  opportunistic  pathogens.  The  most  common  of  these  noso- 
comial infections,  caused  by  gram-negative  organisms,  are  found  in  the  urinary 
tract;  these  result  primarily  from  catheterization  procedures.  Post-surgical 
infections,  both  of  gram-negative  and  staphylococcal  origin,  also  contribute 
significantly  to  this  problem,  as  do  the  pneumonias.  The  program  currently  is 
funded  at  $2,8  million.  This  includes  five  training  grants  in  infectious  dis- 
eases with  special  features  relating  them  to  hospital  infections. 

Research  Highlights 

AI  10108-07  A.  I.  Braude( University  of  California.  San  Diego).  This  investl- 
gator  and  his  staff  have  developed  an  antiserum  to  a  "core"  lipopclysaccharide 
from  a  specific  E.  coll  strain,  as  reported  previously.  The  core  glycolipid 
can  stimulate  anTibody  against  core  glycol 1pids  possessed  in  common  by  a  number 
of  different  species  of  gram-negative  bacteria  responsible  for  lethal  bacter- 
emia. Antiserum  was  prepared  in  healthy  human  volunteers  inoculated  with  this 
J5  vaccine.  Over  135  patients  with  severe  gram-negative  bacteremia  were  given 
this  human  serum  in  a  double-blind  study.  The  serum  was  shown  to  be  safe. 
The  patients  prior  to  treatment  were  gravely  ill,  and  were  suffering  from 
potentially  lethal  gram-negative  infections  caused  by  a  variety  of  microorgan- 
isms. The  results,  after  statistical  analysis,  showed  that  the  mortality  rate 
was  virtually  halved  as  compared  to  controls.  The  recovery  rate  rose  from  29% 
in  controls  to  82%  in  those  treated  with  the  J5  serum.  These  encouraging 
results  call  for  a  larger  study  to  establish  the  full  significance  of  this 
promising  therapy. 

■  AI  00658-21  E.  Neter  (Children's  Hospital ,  Buffalo).'  The  objective  of  this 
study  is  the  elucidation  of  the  biological  significance  of  certain  comnon 
bacterial  antigens  (CA)  and  the  possible  participation  of  such  antigens  in 
immunologic  injury.  Results  of  this  study  show  that  only  a  few  rough  mutants 
of  Enterobacteriaceae  produce  CA  that  are  iimunogenic  in  the  rabbit.  The 
failure  of  strains  as  immunogens  is  linked  to  a  specific  gene  involved  in 
translocation  of  0-specific  polysaccharides  onto  the  lipopolysaccharide  (LPS) 
core  of  the  bacterial  cell.  Removal  of  the  LPS  makes  the  CA  of  certain  strains 
antigenic;  adding  LPS  to  immunogenic  CA  reduces  immunogenicity.  It  was  also 
shown  that  LPS  obtained  only  from  CA+  strains,  but  not  from  CA-  strains,  in- 
hibits the  immune  response  to  CA.  These  data  suggest  a  hitherto  unrecognized 
difference  in  the  composition  of  the  LPS.  In  patients  with  varied  entero- 
bacterial infections,  from  18-42%  showed  the  presence  of  antibodies  to  LPS; 
these  antibodies  were  not  detected  in  sera  from  healthy  patients. 

AI  06931-12  P.  G.  Quie  (University  of  Minnesota).  The  goals  of  this  study 
are  to  increase  knowledge  of  host  factors  in  defense  against  microbial  disease 
and  to  determine  those  factors  critical  for  normal  host  defense.  The  oxidative 
metabolic  response  called  chem1 luminescence  (CL),  which  is  related  to  the  bac- 
terial killing  capacity  of  human  neutrophils,  was  studied.  Results  indicate 
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that  the  oxidative  metabolic  response  In  newborn  Infants  1«  Itst  than  that  of 
their  mothers;  there  Is  depressed  bacterial  killing  capacity  In  neonatal  leuko- 
cytes. A  direct  correlation  was  noted  between  the  singlet  oxygen  response  of 
neutrophils  and  the  capacity  to  kill  Intracellular  bacteria.  The  CL  assay  was 
of  great  value  for  diagnosing  chronic  granulomatous  disease  (CGD)  and  Is  also 
useful  for  confirming  or  Identifying  the  carrier  state  in  CGD. 

AI  11950-04  J.  P.  Burke  (University  of  Utah).  Infections  of  the  urinary  tract 
secondary  to  indwelling  catheters  are  a  major  public  health  problem,  affecting 
more  than  400,000  patients  annually.  These  Infections  are  a  major  source  for 
gram-negative  bacteremias,  an  Important  cause  of  morbidity  and  mortality  lead- 
ing to  increased  costs  of  hospitalization.  Results  of  this  study  show  that, 
despite  the  increased  use  of  closed  sterile  drainage  systems,  the  major  pathway 
for  bladder  colonization  is  the  periurethral  mucous  surface.  Positive  urinary 
meatal  cultures  were  the  single  most  important  risk  factor  for  catheter- 
associated  bacteriuria;  enterococci  and  gram-negative  rods  were  the  most  fre- 
quent bacterial  isolates  from  this  area.  Further  results  showed  the  ineffec- 
tiveness and,  indeed,  the  possible  adverse  consequences  of  the  practice  of 
daily  meatal  care  with  antiseptics,  as  currently  recommended.  This  practice, 
in  the  Investigator's  view,  should  be  abandoned.  More  detailed  study  of  the 
bacterial  flora  at  this  site  is  needed;  preventive  approaches  to  block  this 
infection  pathway  offer  considerable  potential  for  reducing  these  infections 
and  consequent  hospital  costs. 

AI  12145-03  R.  p.  Diamond  (Michael  Reese  Hospital,  Chicago).  This  project  is 
a  study  of  the  killing  of  the  pathogenic  yeast,  Cryptococcus  neoformans  by  cells 
of  the  Immune  system.  A  guinea  pig  model  system  of  infection  was  useful  in 
these  studies  -  disseminated  Infection  occurred  in  all  animals  after  intraperi- 
toneal Injection.  Clearing  of  the  organisms  appeared  related  to  the  degree  of 
inflammatory  response,  even  in  brain.  Male  animals  had  more  severe  infection 
than  did  females,  while  females  showed  better  clearance  of  the  yeast  and  more 
often  became  long-term  survivors.  This  finding  parallels  human  infection, 
where  males  show  a  preponderance  of  disseminated  cryptococcosis.  Data  also 
showed  that  in  vitro  killing  by  blood  phagocytic  cells  was  complement-dependent 
and  not  antlEody-dependent ;  there  were  indications  that  cryptococcal  polysac- 
charide is  chemotactic  for  human  monocytes,  even  in  the  absence  of  serum. 
Delayed  type  hypersensitivity  to  the  test  antigen,  cryptococcin,  could  be  trans- 
ferred to  guinea  pigs  given  lymphocytes  from  animals  Immunized  with  cryptococcin. 
These  studies  should  provide  clarification  of  cellular  host  defense  mechanisms 
and  their  relative  importance  in  opportunistic  mycotic  infections. 

AI  08504-09  P.  F.  Bartell  (New  Jersey  College  of  Medicine.  Newark).  The  glyco- 
lipoprotein  (GLP)  fraction  of  the  extracellular  slime  layer  obtained  from 
Pseudomonas  aeruginosa  may  play  an  important  role  in  the  pathogenesis  of  cystic 
fibrosis.  The  GLP  distribution  and  possible  predilection  for  certain  organs 
and  tissues  and  its  effect  on  bone  marrow  is  the  theme  of  this  study.  The 
results  thus  far  strongly  suggest  that  GLP  induces  damage  to  the  liver  and 
kidneys,  as  shown  by  significant  changes  in  blood  chemistry  after  injection 
of  the  Pseudomonas  GLP  into  mice.  Other  data  from  these  studies  showed  that 
purified  GLP  is  antigenic,  and  that  anti-GLP  serum  protects  mice  against  lethal 
challenge  with  live  organisms.  This  anti-GLP  serum  was  also  found  to  enhance 
phagocytosis  in  infected  animals. 
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(3)  Streptococcal  Diseases  and  Sequelae  (STP) 

This  Special  Emphasis  Program  has  been  primarily  concerned  in  the  past  with 
the  problems  of  infections  caused  by  Group  A  streptococcal  diseases  and  their 
serious  sequelae,  such  as  rheumatic  valvular  disease  and  glomerulonephritis. 
The  program,  as  approved  by  Council,  has  the  objective  of  gaining  a  clearer 
understanding  regarding  the  causes  of  these  two  serious  diseases  and  their 
relationship  to  the  initiating  streptococcal  infection.  The  role  of  the  auto- 
immune process  in  the  pathogenesis  of  these  post-streptococcal  diseases  also 
urgently  requires  further  study.  More  recently,  the  role  of  the  Group  B 
streptococcus  in  causing  serious  neonatal  infections  has  been  recognized  as 
a  grave  and  continuing  health  problem.  The  Institute,  in  collaboration  with 
the  National  Institute  of  Child  Health  and  Human  Development,  aided  in  support 
of  a  workshop  on  Group  B  streptococcal  infections  in  neonates.  The  current 
program  on  Streptococcal  Diseases  a)  examines  the  biology  of  the  streptococcus, 
including  isolation,  purification  and  characterization  of  all  the  cell  struc- 
tures and  exotoxins;  and  b)  the  pathogenesis  and  clinical  aspects  of  strepto- 
coccal disease.  This  will  include  rheumatic  fever,  valvular  disease,  and  all 
forms  of  renal  complications,  as  well  as  sequelae  peculiar  to  the  neonate 
resulting  from  Group  B  streptococcal  infections. 

Research  Highlights 

POl  AI  13464-02  J.  H.  Schwab  (University  of  North  Carolina).  This  multi dis- 
ciplinary, integrated  program  project  is  designed  to  test  the  hypothesis  that 
bacterial  cell  walls  that  are  resistant  to  biodegradation  in  vi^^o,  co-called 
"toxic  fragments,"  play  a  role  in  development  of  rheumatoid  arthritis  and 
related  diseases.  Injection  of  the  purified  cell  wall  fragments  of  Group  A 
streptococci  into  rats  led  to  joint  swelling,  beginning  three  days  after  injec- 
tion. This  continued  over  the  next  100  days;  eventually  all  of  the  peripheral 
joints  of  the  animals  were  involved.  Purified  cell  walls  were  more  effective 
in  this  development  than  were  crude  cell  sonicates;  joint  lesions  were  more 
severe  in  neonatal ly  thymectomized  rats.  The  cell  wall  antigen  deposits  in 
the  joints  suggest  that  the  initial  localization  may  be  influenced  by  hista- 
mine or  complement-mediated  inflammation  and  vascular  permeability. 

AI  04342-15  E.  N.  Fox  (University  of  Chicago).  Previously,  this  investigator 
had  demonstrated  that  rabbit  antisera  to  Group  A  streptococcal  antigen  and  to 
rheumatic  fever  sera  react  with  human  mammalian  cardiac  myofibers.  This  immune 
relationship,  observed  by  immunofluorescence  methods,  has  now  been  shown  to 
occur  also  with  cultured  embryonic  guinea  pig  cardiac  inyofibers.  This  demon- 
strates, therefore,  that  shared  antigens  of  mammalian  heart  ii\yofibers  and 
streptococci  are  retained  In  cultured  heart  cells.  Guinea  pig  peritoneal 
macrophage  migration  was  significantly  inhibited  by  the  corresponding  bacte- 
rial antigen.  Spleen  lymphocytes  from  guinea  pigs  sensitized  to  Group  A  strep- 
tococcal cells  or  cell  products  induced  cytotoxicity  and  cell  damage  to  guinea 
pig  heart  cells  in  culture.  Studies  using  sensitization  with  Group  C  strepto- 
coccal antigen  as  controls  showed  no  evidence  of  cytotoxicity.  Other  target 
cells  (liver,  muscle)  were  not  damaged.  Cytotoxicity  was  inhibited  by  anti- 
Group  A  sera  plus  complement.  The  data  indicate  that  cardiac  target  cell 
destruction  is  specifically  induced  by  lymphocytes  stimulated  by  streptococcal 
antigens  shared  between  the  tissue  and  the  microorganism. 
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AI  08429-11  T.  J.  Kindt  (Rockefeller  University).  The  objective  of  this 
study  is  to  gain  an  understanding  of  genes  that  control  the  immune  response. 
Primary  structural  analyses  of  the  antibody  directed  against  antigens  of  the 
streptococcus  in  this  immune  response  are  being  determined.  Studies  were 
carried  out  on  the  homogeneous  antibody  from  rabbit  sera  immunized  with  a 
Group  A  streptococcal  vaccine.  The  complete  amino  acid  sequence  from  the 
rabbit  serum  of  this  antibody  light  (L)  chain  variable  region  and  a  portion 
of  the  heavy  (H)  chain  variable  region  was  determined.  This  immunoglobulin 
revealed  no  binding  activity  of  the  antibody  to  any  of  the  major  cell  wall 
antigens  of  the  streptococci.  Additionally,  no  rheumatoid  factor  activity  in 
this  inmunoqlobulin  could  be  demonstrated,  even  though  the  immunoglobulin  was 
produced  in  response  to  immunization  with  a  Group  A  streptococcal  vaccine. 
From  available  data,  it  could  also  be  shown  that  the  a-negatlve  H  chain  vari- 
able of  the  rabbit  immunoglobulin  has  a  high  degree  of  homology  to  the  human 
H  subgroup;  there  was  an  80%  homology  between  the  rabbit  and  human  proteins. 

AI  09527-13  L.  W.  Wannamaker  (University  of  Wisconsin).  A  study  was  carried 
out,  as  a  part  of  this  grant,  to  determine  the  prevalence  of  genital  tract 
carriage  of  Group  B  streptococci  (GBS)  in  women  and  the  acquisition  by  their 
newborn.  A  carriage  rate  of  8.3%  of  women  in  labor  was  found.  The  majority 
of  women  (57.89%)  had  positive  cervical  and  vaginal  cultures  during  pregnancy; 
5.5%  of  infants  were  culture  positive  at  discharge  from  the  hospital.  Nearly 
50%  of  babies  born  to  women  with  positive  cultures  in  labor  acquired  GBS  at 
birth.  Over  45%  of  the  infants  who  had  positive  GBS  at  birth  also  had  positive 
ear  canal  cultures.  GBS  types  Ic,  II  and  III  were  the  predominant  serotypes 
recovered  from  both  mothers  and  infants. 

AI  13249-01  C.  J.  Baker  (Baylor  College  of  Medicine).  The  human  Immune 
response  to  infections  with  the  Group  B  streptococci  (GBS)  is  not  clear. 
Defining  the  antigens  of  GBS  and  the  host  responses  during  natural  Infection 
would  be  a  significant  forward  step  in  preventing  these  serious  neonatal  dis- 
eases by  immunoprophylaxis.  An  in  vitro  assay  of  opsonins  was  developed  to 
investigate  the  role  of  GBS  antigens  in  eliciting  protective  antibodies.  Certain 
serotypes  of  these  organisms  shared  antigens  and  showed  cross-reactivity.  This 
assay  can  now  be  used  for  study  of  human  sera  by  a  radio-antigen  binding  assay 
(RABA),  and  for  study  of  purified  polysaccharide  from  type  III  strains  as  a 
candidate  vaccine.  Epidemiologic  studies  in  healthy  girls  two  months  to  16 
years  old  revealed  that  20%  were  colonized  at  one  or  more  sites  in  the  throat, 
vagina  or  rectum.   Increasing  age  correlated  well  with  increases  in  antibody 
against  the  type  III  polysaccharide.  Two  types  of  purified  capsular  polysac- 
charide of  type  III  GBS  were  injected,  by  several  routes,  into  rabbits  and 
primates.  Although  non-toxic,  neither  of  these  preparations  induced  serum 
.intibody  production.  These  results  are  similar  to   those  seen  with  vaccine 
propardLions  for  groups  A  ami  C  meningococci,  which  are  Immunogenic  In  man. 

(4)  Mycology 

Fungal  infections  are  fncrcasinqly  being  recognized  as  responsible  for  a  large 
number  of  disabilities  and  deaths.   Although  no  firm  statistics  are  developed 
nationally,  the  problem  is  seen  to  be,  in  part,  one  of  geographical  location. 
The  semi-arid  southwest  of  the  United  States  is  the  reservoir  of  the  fungal 
disease  Coccidioidomycosis,  while  the  more  humid  eastern  parts  of  the  country 
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have  the  problem  of  Histoplasmosis.  These  are  the  two  major  fungal  infections 
in  the  U.  S.,  although  there  are  a  number  of  other  fungal  diseases  of  lesser 
importance.  Efforts  are  being  made  by  a  number  of  researchers  to  gain  a  better 
understanding  of  the  fundamental  problems  posed  by  some  of  these  diseases,  with 
the  ultimate  goal  of  developing  better  prophylactic  and  therapeutic  measures 
to  limit  or  eliminate  these  infections. 

Research  Highlights 

AI  13336-01  D.  PappagJanis  (University  of  California,  Davis).  This  investi- 
gator, an  acknowledged  expert  on  coccidioidomycosis,  has  developed  an  experi- 
mental vaccine  from  killed  whole  cells  of  Coccidioides  immitis  grown  in  vitro 
that  provides  protection  in  mice  and  monkeys  against  lethal  respiratory 
challenge.  In  humans  the  killed  spherule  vaccine  was  well  tolerated  by  intra- 
muscular injection.  The  vaccinated  humans,  however,  showed  only  irregular 
development  of  delayed  type  hypersensitivity  to  coccidioidin  skin  test  antigen 
after  vaccination.  A  greater  quantity  of  antigen  is  most  probably  needed  to 
provide  consistent  and  demonstrable  immunologic  stimulation  in   man. 

Vaccination  of  mice  with  soluble  spherule  antigen  extracts  provided  some 
measure  of  protection,  though  not  up  to  the  protection  levels  yielded  by  the 
particulate  cell  wall  antigen  preparation.  The  more  rigorous  aerosol  or  intra- 
nasal challenge  of  vaccinated  mice  indicated,  however,  some  protection  was 
afforded  by  these  extract  antigens.  These  studies  provide  further  hope  that 
a  suitable  vaccine  material  for  protection  of  man  against  coccidioidomycosis 
eventually  will  be  available. 

T32  AI  07015-01  G.  S.  Kobayashi  (Washington  University,  St.  Louis).  Thi s 
excellent  traininn  grant  in  medical  mycology  has  stressed  research  on  genetics 
of  Hj\toj)ljsma  <  apsulatuni  and  the  iinmunogenicity  of  Aspergillus  species.  Re- 
search Tincff'ngs  of  the  trainees  show  that  some  drugsHhave  con'sfderable  selectiv- 
ity for  either  the  yeast  or  the  mycelial  form  of  the  original  yeast  cells. 
Yeast  cells,  for  example,  are  tenfold  more  sensitive  than  mycelia  to  Actino- 
mycin  D,  whereas  mycelia  are  tenfold  more  sensitive  to  Amphotericin  B.  In  the 
presence  of  low  concentrations  of  the  appropriate  antibiotic,  the  transitions 
from  mycelia  to  yeast  are  blocked  and  each  phase  remains  viable  and  unchanged. 
Cells  can  therefore  be  synchronized  because  they  are  stabilized  at  the  point 
at  which  drugs  block  the  transition. 

Other  studies  by  the  trainees  show  that  Amphotericin  B  stimulates  immune  re- 
sponses in  mice.  This  mechanism  of  immunostimulation  by  the  drug  was  the 
result  of  an  adjuvant  effect  on  the  serological  response  induced  by  an  immuno- 
gen,.  Preliminary  evidence  suggests  that  the  drug  has  direct  effects  on  both 
lymphoid  cells  and  macrophages.  These  findings  have  important  clinical  rele- 
vance. The  hypothesis  advanced  is  that,  as  a  result  of  the  drug  binding  to 
macrophdcje  and  lymphocyte  cell  membrane  sterols,  endocytosis  is  stimulated; 
this  may  be  the  basis  of  its  effect  on. the  immune  system. 

AI  05002-13  G.  S.  Bulmer  (University  of  Oklahoma).  Cryptococcosis,  a  fre- 
quently fataTlTi'eningeal'  fungus  iriTection,  is  c'aiised  by  a  heavily  encapsulated 
yeast.  Cryptococcus  neoformans.  The  goal  of  this  study  is  to  determine  why 
and  how  individuals  contract  this  disease.  Dr.  Bulmer  has  found,  with  artifi- 
cially inoculated  and  aerosolized  soil,  that  the  cryptococcus  forms  infectious 


particles  smaller  than  two  microns  in  diameter,  thus  allowing.  In  nature,  for 
deep  lung  penetration  upon  breathing  contaminated  dusts.  The  size  of  the  par- 
ticle is  directly  affected  by  climatic  conditions  in  nature.  Data  also  revealed 
that  lung  macrophages  can  phagocytize  but  do  not  kill  the  cryptococcal  cells. 
In  a  mouse  model  system  it  was  also  found  that  the  gastrointestinal  tract  is  a 
prominent  portal  of  entry  and  that  continually  shed  yeast  cells  remain  viable 
for  long  periods.  The  question  is  raised,  therefore,  as  to  whether  rodents  may 
serve  as  a  reservoir  of  this  infection  for  humans. 

(5)  Enteric  Diseases 

Many  research  projects  supported  by  this  Branch,  although  not  necessarily 
placed  in  any  categorical  program,  do  produce  significant  research  findings 
of  great  scientific  interest.  Studies  on  cholera  and  on  intestinal  micro- 
biology have  contributed  in  many  ways  to  a  clearer  understanding  of  enteric 
infectious  disease. 

Research  Highlights 

AI  10885-06  S.  Falkow  (University  of  Washington).  The  purpose  of  this  research 
is  to  study  the  genetic  and  molecular  properties  of  plasmids  that  contribute  to 
bacterial  virulence.  This  research  group  previously  reported  the  isolation  of 
structural  genes  for  labile  toxin  (LT)  of  E.   col i .  The  size  of  the  DNA  frag- 
ment carrying  the  LT  has  been  reduced,  by  appropriate  technology,  to  less  than 
5.0  X  lOo  daltons.  Deletions  in  the  carrier  plasmid  have  been  isolated;  numer- 
ous deletions  that  affect  toxin  biosynthesis  have  been  isolated  and  are  currently 
being  mapped.  A  previously  described  E.   col i  cloned  derivative  for  Stable  toxin 
(ST)  is  now  being  used  to  study  this  toxin  biosynthesis  in  vitro.  Evidence  now 
indicates  that  ST  is  a  5,000-dalton  polypeptide,  whereas  the  £_.   coli  LT  toxin 
appears  to  be  composed  of  two  distinct  subunits  of  about  45,000  and  15,000  M.W. 
Molecular  probes  of  DNA  fragments  containing  structural  genes  for  the  JE.  col i 
enterotoxin  have  now  been  developed.  The  data  indicate  a  significant  degree  of 
structural  homology  between  the  IE.  coli  LT  and  the  genes  specifying  cholera 
toxin.  The  results  of  these  interesting  studies  may  well  lead  to  exploitation 
of  the  basic  findings  to  the  practical  construction  of  effective  vaccine  strains 
to  control  £.  coli  toxigenic  diarrhea  in  man. 

AI  13284-01  G.  T.  Keusch  (Mt.  Sinai  School  of  Medicine.  New  York).  This  is  an 
investigation  of  toxin-binding  receptors  on  cell  surfaces  as  a  sensitivity  de- 
terminant to  Shigella  dysenteriae  toxin  (SDT).  Research  findings  show  toxin 
receptors  on  HeLa  cells  are  masked  by  a  terminal  galactose  and  unmasked  by  pre- 
treatment  with  B-galactosidase.  This  pretreatment  increases  the  toxicity  of 
SDT,  probably  because  blockage  of  access  to  receptor  sites  is  removed.  Adrenal 
cells  used  in  cholera  toxin  assay  do  not  bind  SDT,  but  pretreatment  of  these 
cells  with  the  B-galactosidase  allows  cytotoxic  effects  of  SDT  to  be  expressed. 
These  findings,  therefore,  identify  a  promising  new  technique  for  toxin  purifi- 
cation and  also  offer  another  means  of  identification  of  toxin  action. 

AI  12699-02  H.  I.  DuPont  (University  of  Texas).  This  research  project  is  a 
study  of  the  "etiology  of  acute  naturally  occurring  diarrheal  disease  in  differ- 
nnt  populdl  ions,  incliuMtii)  .i  pediatric  hospital  in  Mexico.  A  difference  in  the 
opideniioloqv  of  rotavirus  inloction  was  seen  in  both  Houston  and  Mexico  City, 
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as  compared  to  more  temperate  areas.  In  both  cities  there  was  also  a  common 
occurrence  of  toxigenic  E.   coli  infections  at  an  early  age,  as  well  as  a  high 
rate  of  asymptomatic  infection  with  the  toxigenic  £.   coli .  Among  American 
students  living  a  year  or  longer  in  Mexico,  natural  immunization  to  E.   coli 
was  suggested  by  finding  resistance  to  infection  and  high  serum  antibody 
levels  to  toxin.  Immunologic  control  of  E.   coli  enteric  infections  may, 
therefore,  be  possible.  Transient  pathogen  carriage  was  also  indicated  by 
finding  that  enteric  pathogens  proliferated  in  the  gut  of  completely  asympto- 
matic students. 

AI  07328-12  R.  G.  Freter  (University  of  Michigan).  This  project  centers  on 
a  study  of  the  role  of  chemotaxis  in  the  interaction  between  mucosal  surfaces 
and  bactnrla.  Dat.i  indicate  that  V.  cholerae,  S.  t^hiniurium  and  E.  coVi  can 
be  strongly  attracted  to  mucosal  tissueT  Rone hemo tactic  mutants  o?  tfiiese 
bacteria  showed  none  of  these  reactions,  A  pepsin-digested  extract  (PMS)  of 
rabbit  mucosal  scrapings  was  a  strong  attractant  for  these  bacteria.  The 
pathogenicity  of  cholera  vibrios  for  germfree  mice  depended  on  chemotactic 
mechanisms.  Non-motile  mutants  quickly  overgrew  motile  vibrios  fed  to  these 
animals,  indicating  that  purposeless  motility  is  a  disadvantage  to  intestinal 
bacteria. 

(6)  Rickettsia 

Rickettsial  infections,  though  not  very  common  today,  still  pose  a  health 
problem.  Rocky  Mountain  Spotted  Fever  (RMSF)  is  a  hazard  to  people  venturing 
into  the  wooded  areas  of  the  middle  Atlantic  states  and  in  certain  areas  of 
New  England.  Dr.  Edward  Murray,  long  an  acknowledged  expert  rickettsiologist, 
has  once  again  turned  his  attention  to  these  organisms. 

Research  Highlights 

AI  13552-01  E.  S.  Murray  (Harvard  University).  The  existence  of  foci  of  Rocky 
Mountain  Spotted  Fever  infections  in  Cape  Cod  is  being  studied  by  Dr.  Murray. 
This  study  may  lead  to  better  RMSF  control  methods  for  other  areas  of  the  U.  S., 
notably  the  mid-Atlantic  states  of  North  Carolina,  Virginia  and  Maryland.  Over 
2,300  dogs  on  Cape  Cod  and  nearby  locations  were  tested  for  RMSF  antibodies. 
Certain  localities  on  Cape  Cod  were  identified  as  having  a  high  percentage  of 
dogs  with  positive  antibody;  other  localities  were  relatively  free  of  dogs  with 
RMSF  antibody  residuals.  Additionally,  over  1,500  ticks  collected  in  the  Cape 
Cod  area  were  examined  for  the  presence  of  R.   rickettsii ,  by  staining  of  tick 
hemolymph  smears  and  by  FA  tests.  Four  specific  foci  for  RMSF-infected  ticks 
were  identified.  These  foci  were  in  the  midst  of  clusters  of  homes  where  dogs 
showed  positive  RMSF  antibodies.  About  5%   of  the  indigenous  ticks  appeared  to 
be  infected  by  the  rickettsia;  five  of  the  50  human  cases  of  RMSF  reported  on 
Cape  Cod  in  the  past  had  walked  through  these  areas.  Current  studies  also 
suggest  that  there  may  be  two  or  more  types  of  RMSF  organisms.  Dogs,  for 
example,  can  develop  significant  antibody  without  showing  signs  of  illness, 
or  they  can  develop  virulent  disease. 

AI  10164-07  H.  H.  Winkler  (University  of  Virginia).  Information  gained  from 
this  study  of  the  epidemic  typhus  rickettsia  will  aid  in  understanding  the  role 
of  host  cell  interactions  in  rickettsial  infections,  and  in  particular  the  meta- 
bolic capacity  and  nature  of  their  obligatory  parasitic  existence.  Results  to 
date  show  that  the  rickoltsial  organisnupossesses  an  active  transport  system. 


especially  for  lysine;  this  amino  acid  accumulates  in  an  intracellular  pool 
that  can  be  inhibited  by  specific  antagonists.  This  is  the  first  such  descrip- 
tion of  an  active  transport  system  in  a  rickettsial  organism.  Other  results 
also  gave  direct  evidence  for  the  adsorption  of  rickettsiae  to  red  blood  cells 
by  way  of  a  cholesterol  on  the  cell  membrane. 

(7)  Mycobacterial  Diseases  Program 

Leprosy  and  tuberculosis,  including  "atypical  tuberculosis,"  are  the  two  major 
diseases  studied  in  this  program.  These  diseases  are  particularly  important 
health  problems  in  developing  countries,  and  for  this  reason  the  research 
planning  has  been  supported  under  the  auspices  of  the  U.  S.  Tuberculosis  and 
Leprosy  Panels  of  the  U.S. -Japan  Cooperative  Medical  Science  Program.  The 
research  stresses  the  basic  mechanisms  involved  in  these  diseases  with  the 
hope  that  an  economically  feasible  solution  will  be  forthcoming  that  can  be 
used  to  control  or  eradicate  these  diseases  throughout  the  world. 

Leprosy  Summary 

Leprosy,  a  major  health  problem  of  the  developing  countries,  occurs  with  a 
very   low  incidence  in  the  U.  S.,  about  0.5  cases  per  million.  Because  of  its 
worldwide  importance,  and  its  use  as  a  model  of  an  immunological  disease, 
leprosy  research  continues  to  be  supported  by  NIAID.  Research  being  supported 
includes  in  vivo  and  in  vitro  cultivation  of  _M_.  leprae,  pharmacology  of  anti- 
leprosy  drugs,  chemotherapy  trials  and  studies  of  the  basic  immunology  of 
leprosy. 

Research  Highlights 

AI  08866-07  J.  H.  Hanks  (Johns  Hopkins  University).  Dr.  Hanks  has  improved 
a  medium  for  growth  of  M.  lepraemurium  (Mlm).  Although  Mlm  will  multiply 
following  primary  inoculation  with  in  vivo- grown  organisms,  transfers  to  new 
media  are  usually  unsuccessful.  By  substituting  more  stable  compounds  for 
those  known  now  to  be  labile.  Dr.  Hanks  has  successfully  transferred  Mlm  to 
frosh  medium  through  n   total  of  five  serial  transfers.  The  substitution  of 
maldte  for  alpha-ketoglutarate  and  the  replacement  of  cysteine  and  thio- 
glycollate  with  dithiothreitol  are  believed  to  be  responsible  for  the  success- 
ful transfers. 

AI  08051-08  W.  A.  Riqhtsel  (Memphis  Baptist  Memorial  Hospital).  Dr.  Rightsel 
IS  attempting  to  cultivate  M.  leprae  by  utilizing  various  tissue  culture 
systems  in  a  specialized  cell-impermeable  diffusion  chamber  successfully 
developed  in  his  laboratory  for  the  cultivation  of  Mlm.  The  tissue  culture 
systems  include  mouse  peritoneal  macrophages,  an  established  diploid  line  of 
human  embryonic  skin  cells,  primary  neural  elements  from  the  region  of  the 
cerebral  ventricular  walls  obtained  at  autopsy,  and  more  recently  established 
diploid  and  haploid  cells  derived  from  the  frog  as  well  as  a  line  of  macro- 
phage-like  cells  derived  from  a  lymphoid  neoplasm  of  the  mouse.  These  test 
systems  have  given  results  showing  that  M.  leprae  replicate  in  the  special 
chambers  under  properly  controlled  conditions  ancT  environment.  These  findings 
offer  some  further  hope  that  M.  leprae  may  yet  be  successfully  cultivated  in 
vitro. 
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lAA  1  Y01  AI  6000-00  W.  F.  Kirchheimer  (U.  S.  Public  Health  Service  Hospital , 
CarvmeTi  Under  this  contract  Dr.  Kirchheimer  has  been  extremely  successful 
in  producing  lepromatous  infections  in  a  colony  of  100  armadillos.  About  80% 
of  the  animals  inoculated  with  10°  bacilli  intravenously  produced  lepromatous 
tissues  containing  as  high  as  10'^  bacilli/gm  of  tissue  within  one  year.  This 
supply  of  M.  leprae,  in  numbers  not  previously  available,  makes  it  possible 
now  to  undertake  much  needed  leprosy  research.  This  contract  serves  as  a  world- 
wide resource  for  infected  armadillo  tissue. 

AI  08214-10  and  NOl  AI  02283  J.  H.  Peters  (Stanford  Research  Institute). 
Dr.  Peters  reported  considerable  progress  on  his  contract-supported  studies 
of  rifampin  and  grant-supported  dapsone  metabolism  studies.  A  high  pressure 
liquid  chromatographic  procedure,  developed  for  this  research  program,  with 
several  improvements  that  increased  its  sensitivity,  is  now  useful  for  tissue 
biopsy  specimens.  Data  showed  that,  in  mice,  the  tissue-to-plasma  ratios  for 
the  anti-leprosy  drug  Dapsone  (DDS)  in  muscle  and  skin  ranged  from  1.0  to  1.8. 
The  ratios  increased  somewhat  with  time  after  administration  of  drug,  indica- 
ting moderate  retention  of  DDS  in  the  tissues.  Thus,  the  extensive  data  in 
hand  relating  plasma  levels  to  anti-M.  leprae  activity  gain  relevance. 

The  present  methods  for  rifampin  assay  are  microbiological;  when  used  to 
measure  the  simultaneous  concentrations  of  rifampin  and  its  chief  metabolite, 
25-desacetyl  rifampin,  they  are  not  entirely  satisfactory.  The  new  high 
pressure  liquid  chromatographic  procedure  allows  the  separation  and  measure- 
ment of  these  two  compounds  in  plasma.  Although  the  sensitivity  is  only  about 
1  ug/ml ,  the  technique  should  allow  the  assay  to  be  more  specific.  A  compari- 
son of  the  chemical  method  with  the  bioassay  technique  has  shown  satisfactory 
agreement  for  rifampin. 

An  earlier  report  indicated  that  the  simultaneous  administration  of  rifampin 
and  DDS  increased  the  elimination  of  DDS  from  the  plasma.  In  a  new  study  it 
was  shown  that  24  hours  after  the  administration  of  drug,  the  concentration 
of  DDS  averaged  23.5  vs.  2.4  ng/ml  of  plasma  for  patients  receiving  100  mg  DDS 
or  100  mg  DDS  plus  600  mg  rifampin,  respectively;  26.8  vs.  4.6  ng/g  in  skin 
and  21.7  vs.  2.3  ng/g  in  nerve.  In  a  study  of  patients  at  the  U.  S.  Leprosarium 
in  Carville,  the  simultaneous  administration  of  DDS  and  rifampin  was  found  to 
lower  the  concentration  of  DDS  in  plasma  and  skin  although,  as  expected,  the 
differences  at  four  hours  were  not  as  great  as  those  at  24  hours.  Acid- 
hydrolyzable  metabolites  of  DDS  were  found  in  the  plasma  of  patients  receiving 
both  drugs.  Patients  receiving  DDS  only  do  not  have  such  metabolites  present 
in  plasma;  rifampin,  therefore,  appears  to  have  stimulated  a  new  metabolic 
pathoway  for  DDS,  apparently  by  microsomal  activation. 

AI  08417-07  A.  H.  Fieldsteel  (Stanford  Research  Institute).  Dr.  Fieldsteel 
continued  to  develop  the  neonatal ly  thymectomized  Lewis  rat  (NTLR)  as  a  useful 
model  of  human  leprosy.  The  NTLR  is  sufficiently  immunosuppressed  to  allow 
increased  multiplication  of  M.  leprae  to  lO^-lO^  per  foot  pad  (the  plateau 
level  in  normal  Lewis  rats  is  about  10°).  This  model  expresses  a  far  greater 
sensitivity  than  does  the  intact  mouse  in  detecting  small  numbers  of  viable  M. 
leprae.  Because  of  this.  Dr.  Fieldsteel  has  demonstrated  experimentally  that 
the  NTLR  is  a  useful  tool  for  determining  the  efficacy  of  new  drug  regimens 
and  for  detecting  persistent  M.  leprae  organisms  after  presumably  effective 
treatment.  '__ 
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AI  10094-07  W.  E.  Bullock  (University  of  Kentucky).  Dr.  Bullock  continued 
his  studies  of  immunosuppression  in  mice  infecteid  with  M.  lepraemurium.  This 
infection  is  an  invariably  progressive,  chronic  mycobacteriosis.  Earlier 
studies  had  shown  that  infected  animals  were  unable  to  manifest  a  normal  degree 
of  cell-mediated  immunity,  and  that  the  circulation  of  T-lymphocytes  was  per- 
turbed through  trapping  in  spleen  and  lymph  nodes,  A  search  for  suppressor- 
cells  in  infected  C3H  mice  has  now  been  conducted.  It  was  found  that  the  jm 
vitro  formation  of  direct  plaque-forming  cells  (PFC)  to  sheep  RBC  by  spleen 
cells  from  infected  animals  fell  to  15%  of  normal.  Further,  the  addition  of 
5x10^  spleen  cells  from  infected  mice  to  1  x  10'  spleen  cells  from  normal 
mice  suppressed  the  PFC  responses  of  the  latter  (at  14  weeks  the  suppression 
was  90%).   In  the  early  stage  of  the  infection  (5-8  weeks)  the  suppressor 
activity  was  mediated  by  macrophages,  but  at  12  weeks  it  was  mediated  by  both 
macrophages  and  T-lymphocytes. 

lAA  2  YOl  AI  90905-05  C.  C.  Shepard  (Center  for  Disease  Control ).  Dr.  Shepard 
is  attempting  to  develop  a  vaccine  against  M.  leprae,  using  mice  as  an  animal 
system.  This  work  is  also  a  part  of  the  IMMLEP  program  of  the  Special  WHO 
Program  for  Research  and  Training  in  Tropical  Diseases.  The  behavior  of  BCG 
and  other  bacteria  as  a  vaccine  had  led  to  the  supposition  that  M.  leprae 
would  lose  immunogenicity  when  heat-killed;  however,  it  was  found  that  the 
immunogenicity  of  M.  leprae  actually  increased  when  it  was  heat-killed.  It 
was  also  found  that  the  sensitization  of  mice  to  M.  leprae  could  be  measured 
by  foot  pad  injection  of  large  numbers  of  M.  leprae  (1  x  10'  bacilli).  Using 
foot  pad  enlargement  as  a  measure  of  sensitization,  it  could  be  shown  that  the 
activity  of  M.  leprae  both  as  an  immunizing  and  as  an  eliciting  antigen  in- 
creased during  heating,  up  to  and  including  autoclave  temperatures.  When 
unheated  bacilli  were  disrupted  mechanically  they  lost  their  immunogenicity, 
but  they  retained  their  activity  as  eliciting  antigens.  As  eliciting  antigen, 
the  protopl.ismic  fraction  was  somewhat  less  active  than  the  cell  wall  fraction. 

NOl  AI  62501  B.  R.  Bloom  (Yeshiva  University).  Under  this  contract.  Dr.  Bloom 
established  in  vitro  techniques  for  monitoring  the  immunological  status  of 
lepromatous  leprosy  patients  undergoing  treatment  either  with  positive  transfer 
factor,  control  transfer  factor  or  placebo.  The  analysis  of  lymphoid  cell 
populations  of  the  subjects  consisted  of  enumeration  of  T-cells,  B-cells,  macro- 
phages and  non-T/non-B  lymphocytes  in  peripheral  blood.   In  addition,  lympho- 
cyte reactivity  in  the  lymphocyte  transformation  test  to  mitogens  such  as  Con  A 
and  PHA,  specific  antigens  including  lepromin,  coccidioidin  and  recall  antigens 
have  been  standardized  between  Dr.  Bloom's  laboratory  and  that  of  the  U.S.P.H.S. 
Hospital  in  Carville,  where  the  other  part  of  the  study  on  the  transfer  factor 
patients  will  be  conducted.  For  these  tests,  on  the  same  donor  samples,  agree- 
ment between  the  two  laboratories  has  come  within  approximately  6%  on  any  of 
these  parameters. 

Tuberculosis  Summary 

Tuberculosis  still  represents  an  important  disease  in  the  United  States;  it  is 
the  second  leading  cause  of  death  among  the  infectious  diseases.  Although 
30,000  new  cases  of  tuberculosis  are  reported  each  year  in  the  U.  S.,  this 
number  is  small  in  comparison  to  the  millions  of  cases  found  in  the  developing 
nations  of  the  world.  Tuberculosis  in  these  countries  causes  an  enormous 
economic  loss  in  terms  of  cost  of  health  care  and  lost  manpower.  The  tubercu- 
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losis  program  continued  to  direct  its  major  efforts  toward  isolation  of  more 
specific  mycobacterial  antigens  and  the  study  of  basic  mechanisms  of  ceil- 
mediated  immunity. 

Mi^ata'^-,  J^  isiiLlsh  t  s 

NO!  Al  22521 R.  C.  Good  (Hazleton  Laboratories).  Dr.  Good  completed  his 
contract  research  on  aerosol  BCS^ vaccination  of  monkeys.  In  his  first  study 
with  BCG,  he  found  that  vaccination  of  rhesus  monkeys  particularly  by  the 
inhalation  route,  eight  weeks  prior  to  aerosol  challenge  with  a  weakly  viru- 
lent H37Rv  strain  of  Mycobacterium  tuberculosis,  either  slowed  or  prevented 
the  development  of  disease  when  compared  to  nonvaccinated  monkeys.  Since  a 
high  degree  of  protection  was  found  when  monkeys  were  vaccinated  by  inhaling 
large  niiinbers  of  viable  nCC,    this  route  was  chosen  for  further  study,  because 
Intravenous  inoculation  witti  living  bacilli  would  not  be  acceptable  in  the 
human  population.  A  second  study  established  that  the  degree  of  protection 
was  related  to  the  number  of  organisms  inhaled.  Within  the  doses  tested, 
inhalation  of  10^  bacilli  afforded  maximum  protection  against  challenge  with 
the  highly  virulent  Erdman  strain  of  M.  tuberculosis. 

The  basic  safety  of  the  procedure  was  shown  by  the  fact  that  animals  sensi- 
tized by  inhalation  or  injection  of  bacilli  did  not  develop  signs  of  an  acute 
immune  response  following  aerosol  challenge  with  the  vaccine  strain. 

Finally,  the  duration  of  immunity  was  determined  by  comparing  protection  when 
monkeys  were  challenged  with  the  highly  virulent  Erdman  strain  eight,  28  and 
72  weeks  after  vaccination.  Primary  criterion  of  protection  was  survival. 
Statistical  evaluation  showed  that  vaccinated  monkeys  were  protected  at  each 
challenge  period  and  survival  was  the  same  at  each  challenge;  therefore, 
protective  immunity  remained  at  the  same  level  between  eight  and  72  weeks. 
Vaccination  of  sensitized  monkeys  did  not  result  in  development  of  immediate 
or  delayed  reactions  indicative  of  respiratory  distress,  as  shown  after 
measuring  various  parameters  of  lung  function.  Challenge-related  effects 
could  not  be  inferred  from  the  results. 

A  study  with  a  non-living  vaccine  (Contract  NOl  AI  42555)  was  also  completed. 
A  mycobacterial  RNA  preparation  was  evaluated  in  guinea  pigs  and  found  to 
convey  protective  immunity  against  both  an  aerosol  and  an  intraperitoneal 
challenge  with  the  Erdman  strain  of  M.  tuberculosis.  Median  survival  data 
showed  a  dose-related  response  to  the  quantity  of  RNA  Injected  (10,  50  and 
250  meg);  whole  bacilli,  however,  were  more  effective  in  protecting  aerosol- 
challenged  animals.  Analysis  of  survivor  data  21  weeks  after  challenge 
showed  that  immunized  guinea  pigs  had  significant  protection  against  intra- 
peritoneal challenge  when  compared  to  nonvaccinated  controls.  This  protection 
is  of  the  same  order  as  that  provided  by  whole  cells  and  is  related  to  the 
RNA  vaccine  dose. 

NOl  AI  42525  T.  M.  Daniel  (Case  Western  Reserve  University).  Dr.  Daniel  has 
analyzed,  by  immunodiffusion  and  immunoelectrophoresis,  20  cell  extract 
fractions  of  M.  tuberculosis  prepared  under  contract  NOl  AI  42503.  These 
fractions  were  found  to  contain  fewer  identifiable  antigens  than  the  culture 
filtrate  fractions  previously  studied.  Antigen  1,  a  cell  wall  arabinomannan, 
and  antigen  2,   a  cell  wall  arabinogalactan,  were  most  easily  identified 
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and  found  to  dominate  the  fractions.  The  fractions  containing  these  antigens 
were  those  Identified  as  having  the  greatest  In  vivo  and  In  vitro  antigenicity 
for  cellular  hypersensitivity  responses.  Greatest  "species  specificity  was 
found  in  these  fractions. 

Thirty-nine  culture  filtrates  representing  13  species  of  mycobacteria  were 
also  subjected  to  antigenic  analysis  by  Dr.  Daniel  using  two  lots  of  immuno- 
electrophoresis  reference  reagents.  As  anticipated  from  previous  studies, 
antigens  1  and  2  were  demonstrated  in  all  of  the  species  studied.  Antigen  5 
was  found  only  In  culture  filtrates  of  M.  tuberculosis  and  M.  bovis;  it  has 
also  been  identified  in  filtrates  from  a  number  of  species  of  atypical  myco- 
bacteria (M.  kansasii,  M.  avium,  etc.).  In  all  of  these  cases  it  has  been 
shown  to  give  typical  reactions  of  partial  identity  with  antigen  6  of  M. 
tuberculosis.  This  finding  is  best  interpreted  as  meaning  that  the  antigen  6 
molecule  contains  two  antigenic  determinants,  one  of  which  Is  common  to  all 
those  mycobacteria  in  which  1t  can  be  identified,  and  the  other  of  which  Is 
species  specific  for  M.  tuberculosis.  Antigen  7  appears  to  have  fairly  wide 
distribution  among  triycobacterial  species. 

AI  08401-09  M.  B.  Goren  (National  Jewish  Hospital).  Dr.  Goren  is  studying 
the  surface  components  of  mycobacteria;  in  particular,  the  trehalose  glyco- 
lipids  and  mycobacterial  sulfolipids.  "Cord  factor"  and  "P3"  of  Dr.  E.  Ribi 
(Rocky  Mountain  Laboratory)  have  been  shown  to  be  structurally  related  and 
new  permethylation  methodology  developed  by  Dr.  Goren  made  it  possible  to 
identify  both  cord  factor  and  P3  as  6,6-dimycolates  of  trehalose.  Significant 
developments  in  the  synthesis  of  pseudo  cord  factors  were  made.  The  intra- 
cellular survival  mechanism  of  M.  tuberculosis  was  Implicated  from  the  syner- 
gistic toxicity  of  sulfolipids  and  cord  factor  which  prevents  phagolysosome 
formation  In  cultured  macrophages. 

NOl  AI  52529  M.  Lefford  (Trudeau  Institute).  To  enhance  mycobacterial 
research,  the  tuberculosis  program  provides  specialized  research  materials 
to  scientists.  Under  this  contract,  Dr.  Lefford  maintains  a  highly  character- 
ized collection  of  mycobacterial  species  of  biomedical  importance.  This  collec- 
tion is  only  one  of  its  kind  in  the  United  States.  Although  the  collection 
as  it  stands  is  probably  the  most  comprehensive  of  its  kind,  certain  deficien- 
cies need  to  be  filled.  Thus,  the  group  of  M.  avium/M.  intracellulare  strains 
are  peculiarly  lacking  in  virulence  to  mice,  and  efforts  are  being  made  to 
obtain  more  virulent  strains  of  this  species  complex.  At  present  there  are 
157  strains  in  the  collection  which  are  preserved  as  fresh-frozen  cultures 
at  -70°C.  Last  year,  626  cultures  and  54  vials  of  their  mycobacterial  reagents 
were  distributed  to  authorized  recipients.  During  the  past  year  one  new  strain 
was  added,  M.  lepraemurium  TMC  1701.  For  some  years  concern  has  been  expressed 
that  the  type  strain  of  M.  tuberculosis,  H37Rv,  has  bpen  losing  virulence  to 
guinea  pigs.  This  problem  has  been  re-examined  and  it  has  been  found  that  the 
strain  of  guinea  pig  used  greatly  influences  the  result.  H37Rv  produces  minimal 
disease  in  strain  2  guinea  pigs  but  extensive  disease  in  Hartley  guina  pigs. 
Ths  observation  has  great  relevance  not  only  to  mycobacterial  virulence  studies 
but  also  to  the  ability  of  mycobacteria  to  modulate  the  immune  response  to 
tumors  in  guinea  pigs. 
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The  infectivlty  of  BCG  strains  for  mU:v   followlnq  implantation  Into  t.hf>  liinq-, 
is  also  being  investigated.  The  Pasteur,  Tice,  Phipps  and  Connauqht  strains 
multiply  extensively  in  the  lungs  whereas  the  Birkhaug  and  Glaxo  strains  do  not. 
The  latter  strains  are  eliminated  from  the  animals  in  a  reVatlvely  short  time. 
The  ability  of  these  mice  to  withstand  aerosol  challenge  with  M.  tuberculosis 
is  being  investigated. 

NOl  AI  02079  J.  K.  McClatchy  (National  Jewish  Hospital).  This  contract 
supports  studies  on  the  serological  classification  of  atypical  mycobacteria. 
Tuberculosis-like  infections  due  to  strains  of  mycobacteria  other  than  the 
classical  tuberculosis  organism  are  now  recognized  with  greater  frequency. 
These  acid-fast  bacteria,  called  atypical  mycobacteria,  can  be  precisely 
classified  into  species  with  common  cultural  and  biochemical  characteristics. 
The  sero-agglutination  test  developed  by  Schaefer  is  a  valuable  technique  for 
separating  these  organisms  into  sub-species  in  order  to  study  the  epidemiology 
of  atypical  mycobacterial  infections. 

Currently,  antisera  in  rabbits  are  being  prepared  to  11  new  mycobacterial 
strains  that  will  be  included  in  the  serotyping  system;  these  include  strains 
of  M.  gordonae,  M.  scrofulaceum,  M.  marinum,  and  M.  xenopi .  During  the  past 
year,  several  epidemiological  investigations  conducted  by  the  U.  S.  Public 
Health  Service  have  made  use  of  the  serotyping  system.  These  investigations 
have  been  primarily  related  to  a  high  incidence  of  post-open  heart  surgery 
infections  due  to  Group  IV  mycobacteria.  Two  outbreaks  seemed  to  be  related 
to  either  environmental  contaminants  in  the  operating  theaters  or  to  non- 
sterile  surgical  supplies.  The  other  infections  were  from  mycobacterial 
contaminated  prosthetic  procine  valves  used  in  replacement  procedures. 

In  addition  to  the  serotyping  system,  members  of  the  Mycpbacterum  injtrai- 
cellulare-M.  av_hjiiii-M.  scrofulaceum  complex  of  atypical  mycoBacteria  have  been 
separated  on  the  basis  of' characteristic  lipid  patterns  seen  on  thin  layer 
chromatograms.  Studies  indicate  that  various  serotypes  of  this  group  have 
two  types  of  lipids;  apolar,  mycoside  C-peptido  glycolipids  and  more  glyco- 
sylated polar  variants.  The  apolar  varieties  are  serologically  inactive,  show 
a  familar  pattern  of  six  members,  and  they  appear  to  differ  at  least  partially 
in  their  glycosyl  substituents.  This  observation  was  in  accord  with  previous 
speculation  that  the  "Marks-Jenkins"  lipids  are  somehow  related  to  the  type- 
specific  lipids  (mycosides)  previously  reported  in  other  laboratories.  An 
unexpected  and  exciting  feature  of  the  observations  was  that  the  polar  spots 
on  the  chromatograms  are  indeed  the  serologically  active  substances  employed 
in  the  Schaefer  serotyping  procedure.  It  was  then  shown  that  the  major  struc- 
tural difference  between  the  apolar  and  polar  C-mycosides  was  due  to  substan- 
tially more  nlv<~f>syl  groups  on  the  latter. 

A I  11807-03  n.  M.  Sultzer  (Downstate  Medical  Center).  Mitogens  from  a  variety 
of  sources  are  presently  in  use  as  important  tools  for  obtaining  a  greater 
understanding  of  how  different  types  of  immunocompetent  lymphocytes  can  be 
activated  to  division  and  maturation  along  various  pathways.  Since  PPD- 
tuberculin  has  been  used  extensively  as  a  nonspecific  B-cell  activator.  Dr. 
Sultzer  is  investigating  its  mitogenic  activity  in  the  tuberculous  mouse. 
He  tentatively  concludes  that,  whereas  T-cells  may  proliferate  in  vivo  as  a 
consequence  of  BCG  infection  or  immunization,  these  cells  are  not  stimulated 
by  PPD  to  proliferate  in  vitro.  On  the  other  hand,  the  nonspecific  B-cell 
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response  to  PPD  seen  with  normal  lymphocytes  j_n  vijtro  is  decidedly  enhanced  by 
BCG  infection.  This  enhancement  may  be  due  to 'the  appearance  of  specifically 
reactive  B-cells  or  the  recruitment  of  more  B-cells  into  lymph  nodes  which 
are  capable  of  reacting  to  PPD  in  a  nonspecific  fashion. 

(8)  Other  Research  Highlights 

AI  12530-02  J.  T.  Barrett  (University  of  Missouri).  Anaerobic  infections  are 
being  reported  with  increasing  frequency  in  the  medical  literature,  although 
the  magnitude  of  the  problem  is  not  clear.  .  The  goal  of  this  study  is  the 
development  of  a  serodiagnostic  test  for  the  identification  of  Bacteroides 
antigen  in  clinical  specimens  from  anaerobic  infections.  Such  a  test  would 
be  of  value  in  the  rapid  identification  of  the  involved  bacteria  and  would 
aid  the  proper  selection  of  therapy.  An  anima]  model  system  in  rats  was 
developed  for  Bacteroides  anaerobic  infections.  Results  of  counterimmuno- 
electrophoretic  tests  (CIEP)  with  abscess  material  from  the  experimental 
infections  showed  that  bacterial  antigen  could  be  readily  detected  by  the 
CIEP  tests.  Sera  of  patients  with  inflammatory  bowel  disease  was  shown  by 
the  CIEP  test  to  behave  quite  differently  from  normal  sera.  The  results  sug- 
gest that  the  CIEP  test  is  a  potentially  useful  diagnostic  test  for  diagnosis 
of  inflammatory  bowel  disease.  It  was  previously  shown  that  B.  fragilis  pro- 
duces a  toxin  found  in  cell-free  extracts  that  was  lethal  to  mice,  but  differ- 
ent from  endotoxin.  Chemotactic  studies  with  cell  fractions  showed  that  the 
chemotactic  activity  of  cell  cytoplasmic  fractions  did  not  coincide  with  the 
mouse  lethal  toxin. 

AI  07826-08  F.  A.  Kapral  (Ohio  State  University).  Exfoliatin,  a  toxin  pro- 
duced  by  strains  of  Staphylococcus  aureus,  causes  a  severe  exfoliation  of  the 
outer  skin  layers,  leading  to  the  "scalded  skin"  syndrome  in  infected  infants. 
This  grantee  has  been  one  of  the  chief  students  of  this  interesting  infectious 
disease.  Exfoliatin  toxin  producing  strains  of  S^.  aureus  were  found  to  pro- 
liferate in  muscle  tissue  as  well  as  skin,  but  not  in  lungs  of  mice.  This 
mouse  model  provides  another  system  for  studying  staphylococci  within  abscesses 
and  to  deteiTTiine  factors  allowing  for  survival  within  the  host. 

In  other  studies  in  staphylococcal  infections,  it  was  shown  that  mice  infected 
with  influenza  virus,  followed  by  intrapulmonary  infection  with  staphylococci, 
were  able  to  eliminate  the  staphylococci  as  effectively  as  were  normal  mice. 
The  intrapulmonary  inoculum  was  cleared  from  the  mice  by  a  novel  bactericidal 
mechanism,  not  previously  recognized.  This  activity  was  associated  with  the 
particulate  fraction  of  abscess  homogenates  and  was  present  in  abscesses 
excised  after  1-16  days.  It  was  distinct  from  the  myeloperoxidase  system 
and  was  resistant  to  trypsin  and  other  types  of  inactivation.  This  new  bac- 
tericidal system  may  provide  an  opportunity  to  determine  whether  deficiency 
stater,  can  account  for  serious  staphylococcal  Infections  in  man. 
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Virolocjy 

Program  Summary 

It  is  well  established  that  viruses  exert  a  substantial  impact  on  human  health 
in  that  they  contribute  to  or  directly  cause  over  60  disease  syndromes  in  man, 
yet  our  understanding  of  the  mechanisms  by  which  these  submicroscopic  parasites 
infect  cells,  replicate  and  interact  with  the  host  defenses  to  injure  the  host 
remains  unclear.  To  treat,  prevent  or  otherwise  control  viral  diseases  we 
must  be  able  to  diagnose  the  infection  in  time  to  intervene  with  antiviral  or 
immune  substances,  immunize  the  potential  susceptible  contacts  and/or  interrupt 
the  transmission  cycle. 

Several  of  the  major  viral  plagues  that  have  afflicted  man  have  now  been  well 
controlled  or  almost  eradicated  by  vaccines.  Others,  like  influenza,  viral 
hepatitis,  herpes  zoster,  dengue,  rabies,  and  viral  gastroenteritis  continue 
to  menace  or  threaten  mankind.  Although  several  pediatric  diseases  (such  as 
measles,  mumps  and  rubella)  are  preventable  through  vaccines,  others  (like 
chickenpox,  parainfluenza  and  respiratory  syncytial  virus  disease)  have  resisted 
attempts  at  control.  Also,  we  are  recognizing  more  chronic  diseases  that  may 
be  attributable  to  persistent  viral  infections.  For  some  of  these  diseases, 
such  as  kuru  and  other  spongiform  encephalopathies,  the  viruses  have  not  been 
visualized  or  fully  characterized.  Some  latent  viral  infections  have  become 
clinically  apparent  as  a  result  of  cancer  therapy  or  organ  transplantation 
when  the  patient  is  immunosuppressed. 

Because  of  the  range  of  clinical  manifestation  caused  by  viruses  and  the 
diversity  of  the  putative  agents  themselves,  no  single  approach  is  sufficient 
for  their  control.  Without  a  fundamental  understanding  of  how  viruses  infect 
and  interact  with  the  host  and  how  they  are  maintained  in  man's  environment, 
control  will  elude  our  grasp. 

The  following  programs  in  virology  are  highlighted  and  receive  special  emphasis 
from  the  Institute:  Viral  Hepatitis,  Influenza,  Antiviral  Substances,  Chronic 
and  Degenerative  Diseases  of  Man,  and  Clinical  Virology.  The  Institute  also 
supports  research  focused  on  Rabies,  Dengue  and  Dengue-Hemorrhagic  Fever,  and 
other  arthropod-transmitted  viral  diseases,  under  the  auspices  of  the  U.S.- 
Japan Cooperative  Medical  Science  Program. 

(IJ  Viral  Hepatitis 

VIrvtl  lit'pnMfl'.  is  piiflpmlc  throughout  thp  world.   In  the  United  States  it  con- 
tinues Lo  hdvr  A   yearly  incidence  of  approximately  ?6  case^  per  100,000,  with 
the  food-borne  type  A  hepatitis  outnumbering  cases  of  type  b  hepatitis  by  a 
ratio  of  over  2:1.  The  prospects  of  an'  effective  vaccine  against  type  B  virus 
are  promising.  Safety  testing  in  man  of  one  vaccine  developed  through  an 
interagency  effort  with  the  Food  and  Drug  Administration  and  the  Center  for 
Disease  Control  is  already  planned.  Nevertheless,  much  information  is  lacking 
on  the  natural  transmission  of  hepatitis  B  virus  (HBV)  and  on  why  an  infection 
is  manifested  as  inapparent,  acute,  chronic  or  chronic  progressive.  Type  A 
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hepatitis  occurs  more  sporadically  than  type  B,  and  is  sometimes  epidemic. 
Recent  advances  in  detecting  and  identifying  type  A  virus  have  aided  in  a 
better  understanding  of  its  epiden^iology,  but  it  is  not  as  well  characterized 
virologically  as  HBV  and  neither  virus  has  been  successfully  propagated  in  the 
laboratory. 

Research  Highlights 

AI  13526-01  W.  S.  Robinson  (Stanford  University).  Several  studies  have  been 
completed  on  the  structure  of  the  Dane  particle  DNA  and  the  mechanism  of  the 
DNA  polymerase  reaction.  The  Dane  particle  is  considered  to  be  the  infectious 
form  of  HBV.  Examination  of  the  Dane  particle  DNA  by  electronmlcroscopy 
revealed  several  structural  forms.  The  most  frequently  occurring  form  was  an 
untwisted  circular  double  stranded  DNA  molecule  approximately  one  micron  in 
length.  Less  frequently  occurring  forms  included  circular  DNA  of  approximately 
unit  length  with  one  or  more  small  single  stranded  regions;  similar  circular 
molecules  with  one  or  more  tails,  either  shorter  or  longer  than  one  micron  in 
length;  and  ^ery   small  circular  molecules  with  tails.  Measurements  indicated 
that  single  stranded  regions  were  present  in  most  of  the  molecules  and  that 
single  stranded  regions  were  converted  to  double  stranded  DNA  during  the 
reaction. 

Results  of  studies  on  detecting  DNA  base  sequences  in  liver  from  human  hepatitis 
patients  revealed  that  the  findings  are  consistent  with  Dane  particle  DNA  being 
hepatitis  B  viral  DNA  that  is  integrated  into  high  molecular  weight  cellular 
DNA  and  transcribed  into  RNA  in  infected  liver.  No  Dane  particle  DNA  base  was 
found  in  the  DNA  extracted  from  hepatoma  tissue  from  two  uninfected  patients. 

In  conjunction  with  the  biochemical  and  tissue  culture  experiments  described 
above,  human  leukocyte  interferon  was  used  to  treat  patients  with  chronic 
active  hepatitis  and  chronic  hepatitis  B  virus  infection.  At  this  time,  five 
patients  in  all  have  been  treated  with  daily  subcutaneous  injections  of  inter- 
feron in  varying  doses.   In  all  five  the  levels  of  circulating  Dane  particle 
associated  DNA  polymerase  fell  precipitously  over  the  first  two  or  three  days 
of  treatment  to  near  zero  values.  After  short  courses  of  interferon,  such  as 
one  week,  Dane  particle  levels  increased  to  pretreatment  levels  after  cessation 
of  interferon.  In  two  patients  interferon  was  administered  daily  for  many 
months.  In  one  patient,  after  14  months  all  evidence  of  virus  Infection  had 
cleared.  All  Dane  particle  markers  and  circulating  antigens  became  undetect- 
able. Similarly,  antigens  detected  in  many  cells  in  the  liver  in  a  biopsy 
specimen  taken  before  treatment  were  undetectable  after  several  months  of 
interferon  treatment. 

In  a  patient  treated  for  many  months,  evidence  of  active  infection  was  elimin- 
ated from  his  blood  and  surface  antigen  (BsAg)  titers  fell  100-fold.  Antigens 
were  also  undetectable  in  a  liver  biopsy  after  several  months  of  treatment. 
After  12  months  of  treatment,  interferon  was  stopped  and  the  only  evidence  of 
continuing  infection  was  low  titers  of  hepatitis  B  surface  antigen  In  the  blood. 

Further  patients  are  being  studied  with  Interferon  with  the  goal  of  determining 

the  h(H|Ufiu:y  and  extL'iit  ol  Llic  interferon  effect  in  persistent  hepatitis  B 
virus  inf('(  tion. 
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AI  10894-06  M.  J.  Tong  (University  of  Southern  California).  In  studies  on 
the  transmission  of  hepatitis  B  from  mothers  to  infants,  these  investigators 
confirmed  the  concept  that  the  hepatitis  B  virus  infection  is  transferred  from 
mother  to  infant  with  high  frequency  when  the  woman  has  acute  viral  hepatitis 
during  the  latter  stages- of  pregnancy  or  early  in  the  postpartum  period.  Also, 
the  attack  rate  for  the  infants  born  to  carrier  mothers  is  lower  than  reported 
in  other  areas  of  the  world.  Most  all  of  the  babies  who  become  infected  with 
the  hepatitis  B  virus  remain  positive  indefinitely  for  viral  surface  antigen 
(HBsAg). 

The  infection  may  be  transmitted  from  mother  to  infant  by  a  number  of  routes. 
Including  in  utero,  at  the  time  of  delivery  or  in  the  early  or  late  postpartum 
period.  The  study  showed  that,  in  mothers  with  acute  type  B  hepatitis  in  the 
later  stages  of  pregnancy  whose  cord  bloods  were  HBsAg-positive,  there  was  a 
greater  chance  for  the  infants  to  become  HBsAg-positive.  On  the  other  hand, 
HBsAg  carrier  mothers  whose  cord  bloods  were  positive  had  a  lower  attack  rate 
in  the  infants.  In  both  acute  hepatitis  and  carrier  mothers  a  few  infants 
became  HBsAg-positive  by  radioimmunoassay.  Therefore,  in  the  case  of  acute 
type  B  hepatitis,  the  positive  cord  bloods  may  be  an  important  mode  of  trans- 
mission during  the  delivery  period,  whereas  in  the  carrier  mothers  the  cord 
blood  positivity  appears  to  play  a  lesser  role. 

The  results  of  the  study  also  indicate  that  all  of  the  mothers  with  acute 
hepatitis  during  the  late  stages  of  pregnancy  had  presumably  turned  e-antigen 
(HBeAg)-negative  by  the  time  they  were  hospitalized  with  their  acute  illness. 
However,  a  majority  of  their  infants  still  became  HBsAg-positive  and  HBeAg- 
positive,  suggesting  that  the  HBeAg  was  present  but  that  the  testing  method 
was  too  insensitive  when  the  mothers  were  first  tested.  HBeAg  is  present  only 
during  the  early  stages  of  acute  hepatitis  and  the  presence  of  HBeAg  is  indica- 
tive of  production  of  the  complete,  and  therefore  infective,  virion.  HBsAg 
carrier  mothers  who  were  HBeAg-positive  transmitted  the  infection  to  their 
infants.  In  the  carrier  mothers  with  anti-e,  only  one  infant  had  a  transient 
antigenemia,  confirming  that  the  presence  of  anti-e  was  associated  with  a  non- 
infective  state. 

The  study  indicated  further  that  there  is  no  barrier  to  the  passage  of  anti- 
HBs  in  the  placenta  and  that  the  antibody  is  passively  transferred  to  the 
newborn  infant,  is  protective,  and  then  gradually  decreases  in  titer  during 
the  first  seven  months. 

On  occasion,  the  chronic  carrier  baby  may  infect  other  household  members  with 
type  B  hepatitis  virus.  Also,  the  finding  of  HBsAg  positivity  in  other  siblings 
from  a  carrier  mother  provides  additional  evidence  for  maternal -fetal  transmis- 
sion of  the  type  B  hepatitis  agent. 

AI  12910-02  v.  M.  Villarejos  (Louisiana  State  University).  The  newly-developed 
immune  adherence  (lA)  test  has  proved  its  value  as  an  epidemiologic  tool  in  a 
study  of  endemic  hepatitis  in  a  Costa  Rican  community.  Of  25  persons  with  sub- 
clinical hepatitis  from  whom  serum  samples,  stored  frozen  two  to  seven  years, 
were  available,  hepatitis  A  antibody  rises  were  detected  in  18.  In  the  remain- 
ing three  cases,  evidence  of  neither  hepatitis  A  nor  hepatitis  B  was  detectable, 
suggesting  that  their  hepatitis  may  have  a  different  etiology.  The  findings 
confirm  the  reliability  of  the  lA  test  for  serological  diagnosis  of  hepatitis 
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A,  even  in  clinically  inapparent  disease.   It  was  noted  that  persons  with  sub- 
clinical hepatitis  A,  like  those  with  clinically  apparent  illness,  develop  a 
high  level  of  type-specific  antibody  that  persists  for  a  long  period.  This 
serologic  evidence  confirms  previous  inferences  made  on  epidemiological 
grounds  that  long  lasting  immunity  to  hepatitis  A  may  be  acquired  by  subclini- 
cal infection. 

(2)  Influenza 

Influenza  continues  to  be  the  most  important  of  all  the  respiratory  viral  dis- 
eases afflicting  man.  Surveillance  for  influenza  in  man  was  intensified,  as 
wore  field  studies  to  determine  the  source  and  possible  dissemination  of  a  new 
'.train  that  dntitjenical  ly  resembled  a  pandemic  strain  isolated  over  40  years 
ago  and  subs(!quently  associated  primarily  with  swine.  Although  migrating  birds 
are  suspect,  the  source  of  new  pandemic  strains  remains  unknown.  The  develop- 
ment of  techniques  to  identify  the  RNA  segments  which  code  for  specific  viral 
proteins  has  greatly  facilitated  the  comparison  of  strains. 

Research  Highlights 

AI  13123-02  T.  R.  Cate  (Baylor  College  of  Medicine).  Dr.  Gate  has  been  inves- 
tigating cell-associated  factors  influencing  the  immune  response  to  influenza 
in  the  mouse  model.   It  was  previously  reported  that  mice  adoptively  immunized 
with  washed  node  and  spleen  cells  from  donors  vaccinated  with  formalin-treated 
influenza  A  strain  PR8  had  a  higher  mortality  with  influenza  pneumonia  after 
intranasal  challenge  with  homologous  virus  than  recipients  of  cells  from  unsen- 
sitized  donors,  an  effect  preventable  by  treatment  of  the  sensitized  cells  with 
antithymocyte  serum.  Cells  from  donor  mice  that  had  survived  respiratory  infec- 
tion or  received  subcutaneous  vaccination  with  live  PR8  virus  failed  to  alter 
mortality  after  challenge. 

In  vitro  studies  of  the  effect  of  viral  antigen  on  migration  of  lymph  node  and 
spleen  cells  revealed  that  migration  of  cells  from  mice  Immunized  with  killed 
vaccines  was  not  inhibited  by  antigen  and,  in  fact,  was  frequently  larger  in 
the  presence  of  antigen  than  in  medium  alone.  In  contrast,  migration  of  cells 
following  subcutaneous  vaccination  with  live  virus  was  regularly  inhibited  25% 
or  more  by  antigen.  This  ability  to  respond  to  antigen  with  migration  inhibi- 
tion could  be  removed  with  trypsin,  eluated  from  the  sensitized  cells  by  heat 
eluates.  These  properties  are  compatible  with  those  of  a  cytophilic  antibody. 
The  results  suggest  persistence  of  cell-associated  influenza  virus  antigen  on 
the  node  and  spleen  cells  following  vaccination  with  inactivated  virus,  and 
the  phenomenon  appears  to  be  serologically  specific  for  the  vaccine  virus. 
Mouse  antiserum  did  not  alter  migration  of  cells  from  mice  vaccinated  14  days 
previously  with  live  virus. 

AI  11722-03  R.  M.  Krug  (S1oan-KeJ;tering  Institute,  NewJTork^.   The  genome  of 
influenza  virus  consists  of  several  segments  of  RNA."  Dr.  Krug's  research  is 
attempting  to  determine  which  RNA  segment  codes  for  a  given  virus-specific 
protein.  This  information  is  important  in  designing  new  recombinants  of  virus 
to  be  used  in  vaccines.   Dr.  Krug  has  found  that  influenza  viral  complementary 
RNA  ((RNA)  is  S(M)iiiontod  liki^  the  viral  RNA  (vRNA)  from  which  it  is  transcribed 
during  the  replicdtion  cyt lu.   The  size  and  number  of  polyadenine  containing 
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cRNA  segments  were  compared  to  that  of  vRNA  segments  by  gel  electrophoresis. 
The  results  suggest  that  the  cRNA  segments  are  not  present  in  a  1:1  ratio, 
and  indicate  that  the  cRNA  segments  are  of  the  same  size  as,  or  larger  than, 
the  vRNA  segments.  They  further  suggest  that  there  are  a  similar,  if  not 
identical,  number  of  cRNA  and  vRNA  segments. 

It  had  been  anticipated  that  each  cRNA  segment  corresponds  to  a  monocistronic 
messenger  RNA  for  an  individual  virus-specific  protein.  To  identify  which 
segment  codes  for  which  protein,  the  individual  cRNA  segments  separated  by  gel 
electrophoresis  are  being  tested.  Thus  far,  the  clearest  results  have  been 
obtained  with  the  two  smallest  cRNA  segments,  designated  SI  and  S2.  Segment  SI 
directs  the  synthesis  of  a  protein  comi grating  during  gel  electrophoresis  with 
the  virion  membrane  protein  (MP),  and  segment  S2  directs  the  synthesis  of  a 
protein  comigrating  with  the  virus-specific  nonstructural  protein,  NS] .  These 
results  suggest  that  cRNA  segments  SI  and  S2  code  for  MP  and  NS^ ,  respectively. 
The  identity  of  these  two  proteins  with  authentic  MP  and  NS-j  is  currently  being 
verified  by  tryptic  peptide  analysis.  The  major  middle-sized  (m)  segment, 
segment  m2,  has  been  designated  as  the  monocistronic  mRNA  for  the  nucleocapsid 
protein  (NP).  A  cRNA  preparation  consisting  of  predominantly  the  m2  cRNA  seg- 
ment directs  the  synthesis  of  a  protein  with  the  mobility  during  gel  electro- 
phoresis of  the  NP  protein;  and  m2  is  the  smallest  cRNA  segment  directing  the 
synthesis  of  NP. 

AI  13500-02  H.  M.  Foy  (University  of  Washington).  Surveillance  by  virus 
isolation  from  respiratory  specimens  among  Seattle  patients  with  febrile  res- 
piratory diseases  has  revealed  a  minor  epidemic  of  influenza  A/Victoria  begin- 
ning in  March  1977,  peaking  in  late  April  and  lasting  into  June.  No  influenza 
B  was  isolated.  Sera  from  more  than  300  participants  in  our  long-term  studies 
on  influenza  have  been  collected  this  spring;  collection  is  still  going  on. 
Analysis  of  388  sera  collected  in  the  spring  of  1976,  which  were  tested  and 
compared  with  sera  collected  in  the  spring  of  1975,  revealed  a  minumum  infec- 
tion rate  for  influenza  A  of  20%  for  persons  under  age  15,  1%   for  those  15-19 
years  of  age,  and  9%  for  those  over  20.  The  corresponding  infection  rates  for 
influenza  B  were  28%,  14%  and  7%.  Analysis  of  sera  collected  in  1972  and  1973 
revealed  a  close  relationship  between  rises  in  complement-fixing  and  anti- 
neuraminidase  antibody.  A  preliminary  analysis  did  not  disclose  any  correla- 
tion between  symptomatic/asymptomatic  illness  and  the  presence  or  rise  of 
anti-neuraminidase  antibody. 

(3)  Antiviral  Substances 

The  goals  of  the  Antiviral  Substances  program  are  to  focus  on  identification 
and  characterization  of  effective  antiviral  agents  and  exploit  further  the 
already  known  antiviral  agents.  In  the  recent  past,  research  supported  by  the 
grant  mechanism  has  focused  primarily  on  the  production,  characterization  and 
mechanism  of  action  of  interferon,  while  production,  stabilization,  and  clinical 
trials  of  interferon  have  been  supported  by  contract.  Clinical  trials  of  the 
most  promising  antiviral  compounds  have  also  been  supported  by  contract. 

Research  Highlights 


AI  12948-02  J.  T.  'Vilcek  (New  York  University  Medical  Center).  The  overall 
objectives  of  this  project  are  the  characterization  of  different  species  of 
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human  interferons  and  the  analysis  of  their  structure-function  relationships. 
In  the  current  year  they  have  concentrated  on  the  development  of  methods  for 
the  analysis  of  human  interferons  from  the  two  available  sources:  human  buffy 
coat  cells  stimulated  with  Sendai  virus  and  from  cultures  of  diploid  fibroblasts 
induced  with  poly(I )-poly(C). 

Human  leukocyte  interferon  produced  in  primary  cultures  of  buffy  coat  cells 
and  human  fibroblast  interferon  was  subjected  to  isoelectric  focusing  in  poly- 
acrylamide  gels.  Leukocyte  interferon  could  be  resolved  into  three  major 
components  (pi  5.5,  6.2  and  6.6,  respectively)  and  one  minor  component  (pi  7.0). 
Fibroblast  interferon  activity  focused  in  a  broad  pH  range  of  6.8-7.8. 

The  isoelectrically  distinct  subspecies  of  human  leukocyte  interferon  were 
isolated  and  compared  as  to  their  antigenic  nature,  heterospecific  antiviral 
activity  in  cultures  of  bovine  cells,  and  apparent  molecular  weights  upon 
electrophoresis  in  sodium  dodecyl  sulfate-polyacryl amide  gels  (SDS-PAGE). 
The  three  major  subspecies  (pi  5.5,  6.2  and  6.6)  were  similar  in  their  neutral- 
ization by  antiserum  against  whole  leukocyte  interferon  and  in  their  relative 
heterospecific  activities  on  bovine  cells.  When  analyzed  on  SDS-PAGE,  the 
component  focusing  at  pH  5.5  migrated  to  a  position  corresponding  to  a  molecular 
weight  of  17,500  (Leg),  the  component  with  the  pi  of  6.6  had  its  major  peak 
corresponding  to  a  molecular  weight  of  23,000  (Lef),  while  the  pi  5.5  component 
contained  a  mixture  of  the  two  molecular  weight  species.  The  minor  isoelectric 
component  focusing  at  pi  7.0  contained  interferon  with  the  antigenic  specifi- 
city of  fibroblast  (F)  interferon.  It  is  concluded  that  the  two  major  anti- 
genic species  of  human  interferon  (Le  and  £)  and  two  known  subspecies  of  human 
leukocyte  interferon  (Le^  and  Lef)  can  be  resolved  by  isoelectric  focusing. 

Interferons  synthesized  in  the  presence  and  absence  of  glycosylation  were  com- 
pared by  isoelectric  focusing.  The  results  were  suggestive  of  as  much  as  20% 
difference  in  the  molecular  weights  of  the  two  products  (16,000  vs.  20,000 
daltons).  This  difference  is  likely  to  be  determined  by  the  presence  or 
absence  of  carbohydrate  in  the  interferon  molecule. 

AI  07057-11  J.  T.  Vilcek  (New  York  University  Medical  Center).  The  overall 
objectives  of  this  project  include  the  elucidation  of  the  mechanism  of  inter- 
feron induction  and  control  of  its  synthesis.  One  of  the  major  accomplishments 
to  date  ha'j  been  the  d(>vL- lopiiiont  of  a  cell-free  system  capable  of  synthesizing 
biologically  active  human  interferon.  This  work  1s  being  carried  out  In  col- 
laboration with  the  laboratory  of  Dr.  Sidney  Pestka  of  the  Roche  Institute  for 
Molecular  Biology.  RNA  is  extracted  from  poly(I)-poly(C)-induced  human  FS-4 
foreskin  fibroblasts.  The  poly(A)-containing  mRNA  fraction  is  put  in  a  protein- 
synthesizing  cell-free  system  obtained  from  mouse  Ehrlich  ascites  cells,  and 
interferon  activity  is  demonstrated  after  appropriate  incubation.  Interferon 
is  the  first  biologically  active  eukaryotic  protein  synthesized  in  the  cell- 
free  system.  This  system  will  enable  the  study  of  many  aspects  of  interferon 
gene  expression  and  regulation. 

A  collaborative  study  with  the  group  of  Dr.  David  Sabatini  has  been  completed, 
aimed  at  the  elucidation  of  the  site  of  intracellular  interferon  synthesis  and 
prore^sinq  in  rS-4  cells.  They  have  shown  that  interferon  is  present  in  intra- 
cclliiKir  iiiciiihf.inc  vc.iclc',  .kkI  they  have  obtained  strony  circumstantial  evidence 
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for  the  synthesis  of  inter (pron  on  nieinbrfine-bound  polysoitips  of  the  rough 
endoplasmic  reticulum.  After  initial  synthesis,  interferon  is  probably 
channeled  into  the  smooth  endoplasmic  reticulum  and  Golgi  apparatus  before 
being  excreted  from  the  cell.  However,  direct  evidence  for  such  processing 
of  interferon  has  not  been  obtained,  owing  mainly  to  the  fact  that  they  have 
not  yet  developed  an  accurate  assay  capable  of  detecting  interferon  lacking 
biological  activity.  It  is  felt  that  further  progress  will  have  to  await 
methodological  advances  in  the  area  of  subcellular  fractionation  of  cultured 
diploid  cells  and  the  development  of  an  immune  radioassay  for  interferon. 
The  latter  goal  is  being  pursued  through  studies  of  the  antigenic  nature  of 
human  interferon. 

(4)  Chronic  and  Degenerative  Diseases  of  Man 

The  overall  objective  of  this  program  is  to  isolate,  characterize  and  identify 
viruses  or  virus-like  agents  associated  with  chronic  and  degenerative  disease 
and  to  clarify  the  role  of  the  agents  in  pathogenesis  of  the  disease.  Studies 
on  pathogenesis  often  require  animal  models  but  some  investigators  are  able  to 
employ  cell  cultures  to  elucidate  cell-virus  interactions. 

Research  Highlights 

AI  11217-05  D.  L.  Walker  (University  of  Wisconsin).  In  experiments  started 
two  to  four  years  ago,  brain  tumors  have  been  found  in  two  owl  monkeys  inocula- 
ted with  JC  virus,  a  papovavirus  found  in  the  urine  of  many  normal  persons  that 
may  have  oncogenic  potential.  One  animal  showed  signs  of  disease  of  the 
central  nervous  system  (CNS)  16  months  after  inoculation  and  the  other,  25 
months  after  inoculation.  The  neuro-oncogenicity  of  three  strains  of  JC  virus 
was  demonstrated  also  in  hamsters.  All  three  strains  produced  malignant  brain 
tumors  during  a  e^s-month  observation  period.  The  specificity  of  the  tumor- 
specific  transplantation  antigen  (TSTA)  induced  by  JC  virus  was  investigated 
by  cross-protection  tests  with  SV40  (another  oncogenic  papovavirus)  in  wean- 
ling hamsters.  Both  the  JC  virus-immune  and  SV40-immune  hamsters  showed  resis- 
tance to  challenge  with  homologous  but  not  heterologous  tumor  cells.  The  TSTA 
induced  by  JC  virus  did  not  cross-react  with  that  induced  by  SV40. 

AI  07471-11  T.  B.  Crawford  (Washington  State  University).  Studies  directed 
by  Dr.  Crawford  have  recently  revealed  that  the  putative  agent  for  equine 
infectious  anemia  (EIA)  is  a  C-type  virus  (retrovirus)  similar  in  morphology 
to  the  C-type  viruses  causing  leukemia  in  bird,  cat  and  mouse.  It  is  one  of 
the  few  examples  of  a  retrovirus  that  is  highly  infectious  without  being 
oncogenic.  In  horses  EIA  virus  produces  a  persistent  infection  that  leads  to 
a  debi litdtiny  anemia.   Its  persistence  is  explained  by  its  ability  to  hide 
its  (jonome  in  t.ho  genome  of  tho  host  <ind  by  its  ability  to  continually  modify 
II'M'II  to  i",ca|)(>  I  iio  hd'.l.'s  immune  responso.   In  stiidyiiui  tho  iiiochnnisiti''.  th.it 
would  explain  its  biological  behavior  t,lie  invesLiydtors  Iwive  shown  that  tlA, 
like  the  other  retroviruses  contains  a  reverse  transcriptase  enzyme  that  pro- 
duces a  DNA  transcript  which  will  hybridize  back  to  the  EIA  RNA  genome.  Several 
viral  proteins  have  been  detected.  The  major  three  are  43,000,  27,000  and 
12,000  daltons  in  size.  No  antigenic  relationship  with  another  retrovirus  has 
been  detected  as  yet. 
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Al  12438-03  R.  M.  Welsh  (Scripps  Clinic  and  Research  Foundation).  The 
objective  of  this  project  is  to  explore  the  underlying  mechanisms  for  the 
maintenance  of  chronic  virus  disease.  Specifically  they  are  determining  the 
role  of  defective-interfering  (DI)  virus  in  such  a  disease,  using  the  murine 
lymphocytic  choriomeningitis  (LCM)  virus  model.  During  the  past  year  they 
have  conclusively  demonstrated  interference  by  DI  particles  in  vivo  and  have 
shown  that  cell  surface  antigens  are  modulated  by  DI  virus  in  vitro.  Newborn 
rats  injected  intracerebral ly  with  standard  LCM  virus  developed  cerebral 
necrosis,  weight  loss,  and  hind  leg  weakness.  When  DI-LCM  virus  was  inocula- 
ted with  the  standard  virus,  rats  did  not  develop  signs  of  neurologic  disease. 
The  experimental  data  revealed  that  the  DI  virus  inhibited  standard  virus 
synthesis,  antigen  production  and  disease  1n  rats.  In  vitro  studies  showed 
that,  during  acute  infection  of  cells  with  LCM  virus,  cell  surface  viral  anti- 
gens reached  a  maximum  concentration  early  and  rapidly  disappeared  even  though 
cytoplasmic  viral  antigens  remained  at  high  levels.  This  disappearance  of 
surface  antigen  occurred  soon  after  the  snythesis  of  DI  particles  in  those 
cultures.  The  addition  of  DI  virus  to  cultures  before  standard  virus  challenge 
prevented  expression  of  viral  cytoplasmic  or  cell  surface  antigens.  Thus  it 
appears  that  cell  surface  antigenic  expression  was  modulated  by  DI  viral  inter- 
ference.  If  the  phenomenon  occurs  in  vivo  it  would  provide  a  means  for  chroni- 
cally infected  tissues  to  escape  severe  immunologic  attack. 

AI  11250-05  R.  P.  Hanson  (University  of  Wisconsin).  One  of  the  objectives  of 
this  project  is  to  study  the  etiological  and  epidemiological  interrelationships 
between  the  animal  and  human  encephalopathies.  They  have  succeeded  in  trans- 
mitting Creutzfeldt-Jakob  disease  of  man  to  hamsters.   Inbred  hamsters  inocula- 
ted intracerebral ly  with  human  brain  developed  a  progressive  neurologic  disorder 
after  18  months,  whereas  outbred  hamsters  similarly  inoculated  remained  normal. 
Subsequent  passage  was  successful  in  both  inbred  and  outbred  hamsters,  both 
developing  disease  after  an  11-month  incubation  period.  Pathologically  the 
disease  in  hamsters  is  distinguishable  from  that  induced  by  hamster-adapted 
scrapie  and  transmissible  mink  encephalopathy.  No  disease  has  been  produced 
yet  by  inoculation  of  the  original  human  brain  material  or  first  passage  ham- 
ster brain  into  the  mouse,  mink  or  squirrel  monkey. 

(5)  Clinical  Virology 

The  primary  objective  of  this  program  is  to  provide  a  research  environment 
that  will  favor  and  enhance  collaboration  between  investigators  well  trained 
in  concepts  and  methods  of  modern  virology,  and  clinical  investigators  with 
a  substantial  continuing  responsibility  for  the  diagnosis  and  treatment  of 
patients  with  viral  diseases.  The  ultimate  goal  is  to  provide  a  better  under- 
standing of  the  pathogenesis  of  major  viral  diseases  in  man  in  order  to  develop 
more  effective  methods  for  prevention,  diagnosis  and  treatment. 

Research  Highlights 

AI  01528-21  R.  H.  Parrott  (Research  Foundation  of  Children's  Hospital,  D.  C.j 
The  ovum  11  dim  of  this  .Ludy  is"  to  understand  unT  provide  u  bus  in  Tor  control 
or  ro'-.piratnry  tr.ict  inf <>(  r Ion'",  and  gastroln^o'^tlnal  Illness  due  to  non- 
bdLU'ri.ii  .i.jfiiLs  ill  iiil.iiiL',  ciiid  children.  Suiveiiidoce  of  619  children  during 
the  year  for  respiratory  infection  and  gastroenteritis  revealed  the  following: 

38 


-  Parainfluenza  virus  infection,  absent  for  the  prior  12  months, 
was  strongly  prevalent  for  three  months  peaking  unusually  in 
August.  Parainfluenza  2  virus  infection  was  occurring  simul- 
taneously. 

-  During  the  year,  81%  of  serologically  tested  croup  cases  were 
associated  with  viral  infections.  Primarily,  these  croup  cases 
were  associated  with  parainfluenza  or  influenza  infections. 

-  During  a  six-month  period,  221  infants  and  children  with  gastro- 
enteritis were  examined  by  immune  electronmicroscopy  for  evidence 
of  infection  with  the  human  reovirus-like  agent  (HRVLA).  Seventy- 
seven  percent  of  the  patients  were  positive  for  the  virus  whereas 
only  4.4/^  of  a  control  population  were  positive. 

In  studies  of  pathogenesis  and  resistance  of  HRVLA,  64  adult  family  contacts 
of  61  young  gastroenteritis  patients  were  examined  for  evidence  of  concurrent 
infections  with  the  same  virus.  Evidence  of  infection  was  detected  in  41% 
of  the  adult  contacts.  However,  only  three  of  the  contacts  infected  with 
HRVLA  developed  gastroenteritis  and  the  disease  was  mild  in  each  of  the  three 
cases.  Paired  sera  from  seven  staff  members  who  were  in  contact  with  hospi- 
talized patients  revealed  a  rise  in  antibody  to  the  viral  antigens.  These 
individuals  did  have  moderately  severe  diarrhea  or  other  gastrointestinal 
symptoms  during  the  period  when  the  patients  also  had  symptoms.  Based  on 
these  findings  and  others,  the  following  epidemiologic  pattern  of  infection 
is  suggested.  Primary  infection  with  HRVLA  occurs  in  infancy  or  early  child- 
hood and  often  results  in  moderately  severe  to  severe  gastroenteritis.  Prior 
to,  during  or  following  this  infection,  older  members  of  the  family  and  older 
close  contacts  may  undergo  infection  that  is  subclinical  or  associated  with 
mild  clinical  manifestations.  This  type  of  inapparent  or  mild  response  results 
from  resistance  induced  by  previous  experience  with  the  agent.  It  is  possible 
that  the  older  sibling  or  parent  may  be  a  source  of  infection  for  the  very 
young. 

F32  AI  00422-02  S.  C.  Suffin  (University  of  California,  Los  Angeles).  This 
research  fellow  has  focused  his  research  on  the  mechanisms  of  immunological 
protection  and  pathogenesis  of  experimental  respiratory  syncytial  virus  (RSV) 
infections  using  the  infant  ferret  as  a  model  for  the  human  infant.  To  date 
he  has  shown  that  maternal  to  infant  immunoglobulin  transfer  occurs  via  the 
colostrum  and  milk,  but  not  by  transplacental  transfer.  Infant  ferrets  nursed 
by  mothers  that  have  antibody  to  RSV  fail  to  show  RSV  replication  in  nasal  or 
lung  tissue  upon  challenge  with  the  virus.  On  the  other  hand,  infants  born 
of  immune  mothers  but  foster-nursed  by  non-immune  mothers  show  RSV  replication 
in  both  sites.  Immunoglobulin  G  in  the  colostrum  and  milk  carries  RSV  anti- 
body activity  and  this  IgG  appears  identical  to  the  IgG  in  serum.  However, 
the  IgG  in  the  colostrum  or  milk  may  not  account  entirely  for  the  passively 
acquired  resistance  in  the  infants.  Feeding  infant  ferrets  immune  sera,  or 
inoculating  such  sera  intraperitoneal ly,  does  not  protect  the  infants  from 
RSV  replication  despite  anti-RSV  titers  in  the  serum  similar  to  those  obtained 
by  nursing  upon  immune  mothers.  Thus  an  acquired  resistance  to  RSV  has  been 
demonstrated,  but  the  factor(s)  responsible  for  this  resistance  are  not  yet 
understood. 
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AI  04059-14  G.  G.  Jackson  (University  of  niinois  College  of  Medicine. 
Chicago).  Six  controlled  trials  of  a  topical  interferon  inducer,  N,N-diocta- 
decyl-N' ,N'-bis-(e-hydroxyethyl )  propanediamine  against  rhinovirus  infection 
(common  cold)  in  human  subjects  revealed  that  multiple  doses  of  the  inducer 
given  before  challenge  in  any  of  three  regimens  reduced  the  symptomatic 
response  to  viral  infection.  Treatment  with  three  doses  of  drug  the  day 
before  challenge  enhanced  the  interferon  response  to  virus;  four  days  of 
treatment  with  either  the  drug  or  its  vehicle  before  challenge  produced  a 
refractoriness  to  further  interferon  induction.  Both  the  drug  and  its  vehicle 
were  capable  of  inducing  nasal  interferon.  When  interferon  was  present  at  the 
time  of  viral  inoculation,  symptoms  were  reduced  with  or  without  an  increase 
in  the  interferon  response  to  infection.  It  was  concluded  that  the  beneficial 
effect  of  these  inducers  on  symptoms  does  not  depend  on  enhanced  interferon 
response  to  viral  infection  or  on  the  suppression  of  viral  replication. 

(6)  Biology  of  Viruses 

The  acquisition  of  new  knowledge  on  the  biology  of  viruses  is  essential  to 
better  understanding  of  the  mechanism  by  which  they  infect  man  and  produce 
disease.  Different  approaches  to  investigating  viruses  often  result  in  new 
insights  into  their  detection  and  control. 

Research  Highlights 

AI  10945-06  C.  Howe  (Louisiana  State  University).  This  project  has  been 
directed  toward  an  immunochemical  and  morphological  analysis  of  the  inter- 
action of  viruses  with  erythrocyte  membranes,  with  cultured  cells  and  with 
receptor  substances  and  analogs  purified,  respectively,  from  cells  and  serum. 
The  receptor  for  measles  virus  in  erythrocytes  from  rhesus  monkeys  has  been 
identified  in  association  with  the  major  glycoprotein(s)  extractible  from 
erythrocyte  ghosts.  Cellular  n-acetylneuraminic  acid  (NANA)  is  not  required 
either  for  attachment  of  measles  virus  to  erythrocytes  or  in  soluble  membrane 
glycoprotein  fractions  that  inhibit  hemagglutination.  NANA,  however,  is  a 
constituent  of  the  measles  viral  envelope  and  is  essential  for  interaction  of 
intact  virions  with  erythrocytes  or  nucleated  cells  susceptible  to  infection. 
Preinfection  of  cells  with  myxoviruses  or  paramyxoviruses  does  not  prevent 
superinfection  with  measles  virus.  The  findings  of  these  studies  warrant  the 
conclusion  that  the  receptors  for  measles  virus  differ  from  the  receptor(s) 
for  myxoviruses  or  paramyxoviruses. 

AI  06246-13  J.  G.  Stevens  (University  of  California.  Los  Angeles).  Dr. 
Stevens  has  been  studying  the  pathogenesis  of  acute,  latent  and  recurrent 
disease  induced  by  herpes  simplex  virus  (HSV)  in  appropriate  experimental 
animals.  In  the  past  years,  he  has  conclusively  shown  that  selected  tempera- 
ture-sensitive viral  mutants  with  well  defined  phenotypes  vary  markedly  in 
their  capacity  to  establish  latent  infections  in  the  nervous  system  of  mice. 
Of  five  mutants  selected  and  analyzed  in  the  brain,  one  established  a  latent 
infection  efficiently,  three  less  efficiently,  and  one  not  at  all.  Reversion 
to  virulent  forms  of  virus  is  not  the  explanation  for  the  positive  results, 
and  inoculation  of  three  of  the  mutants  into  footpads  resulted  in  the  same 
pattern  of  latent  infections  in  special  ganglia  as  was  observed  in  brain 
tissue.  An  analysis  of  the  remaining  type  I  mutants  is  underway,  and  very 
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preliminary  evidence  indicates  that  two  additional  mutants  may  be  latency- 
negative. 

The  five  mutants  initially  studied  have  been  further  characterized  by  bio- 
chemical and  ultrastructural  methods  during  acute  infections  at  restrictive 
temperatures  in  differentiated  mouse  neurons  maintained  in  vitro  (N115  clone, 
C-1300  cell  line).  This  was  done  in  the  hope  that  any  differences  in  the 
acute  infection  might  correlate  with,  and  be  related  to,  the  differing  capa- 
city to  establish  latent  infections.  To  date,  few  significant  differences 
in  the  induction  of  proteins  have  been  detected,  but  ultrastructural  studies 
indicated  that  mutants  that  produce  the  least  viral  structural  components 
are  the  most  likely  to  establish  latent  infections.  The  correlation  does 
not  extend  to  individual  virus  proteins,  since  viruses  with  the  most  altered 
patterns  of  polypeptide  synthesis  are  not  necessarily  the  most  likely  to 
establish  latent  infections.  This  finding  is  encouraging  since  it  implies 
specificity  concerning  functions  involved. 

Efforts  to  establish  a  latent  cytomegalovirus  (CMV)  infection  in  the  mouse 
(i.e.,  an  infection  in  which  no  virus  is  recoverable  by  homogenization  and 
direct  assay  of  mouse  tissues)  were  continued  during  the  year  with  encouraging 
results.  Inoculation  of  weanling  C3H  mice  with  100  PFU  of  murine  CMV  (MCMV) 
results  in  transient  replication  of  the  virus  in  the  salivary  glands  and 
kidneys  for  several  weeks.  However,  12  weeks  after  inoculation,  no  MCMV  can 
be  recovered  by  direct  assay  of  any  organ  in  95%  of  the  mice;  the  remaining 
5%   have  persistent  salivary  infection.  Prior  to  use  in  experiments,  the 
productively  infected  mice  can  be  excluded  by  open  surgical  biopsy  of  the 
salivary  gland.  Initial  studies  Indicated  that  "latent"  MCMV  Infection 
could  be  inactivated  in  approximately  45%  of  the  mice  by  treatment  with  anti- 
lymphocyte  serum  but  not  with  normal  rabbit  serum.  The  sites  of  "reactivated" 
productive  infection  were  the  salivary  glands  (45%)  and  the  spleen  (25%). 
Subsequently,  addition  of  cortisone  acetate  to  the  ALS  regimen  caused  "reacti- 
vated" virus  to  be  detectable  in  100%  of  the  salivary  glands  and  in  57%  of 
the  spleens.  Thus  all  of  the  mice  appear  to  harbor  "latent"  MCMV  that  can  be 
reactivated  by  immunosuppression.  Presently,  efforts  to  determine  the  site(s) 
of  the  latent  infection  are  in  progress.  A  preliminary  experiment  indicates 
that  latent  infection  is  not  restricted  to  the  spleen  since  MCMV  could  be 
reactivated  in  83%  of  the  C3H  mice  given  ALS  after  splenectomy. 

AI  10947-05  A.  S.  Kaplan  (Vanderbilt  University).  Defective  interfering  (DI) 
viruses  are  being  studied  to  understand  the  putative  oncogenic  function  of 
cytocidal  herpesviruses.  The  characteristics  of  two  independently  evolving 
populations  of  defective,  interfering  particles  of  pseudorabies  virus  have 
been  compared.  Defective  particles  in  both  populations  interfere  with  the 
growth  of  standard  virus  and  contain  DNA  with  a  molecular  weight  similar  to, 
or  slightly  smaller  than,  that  of  standard  pseudorabies  viral  DNA.  The  two 
populations  of  defective  virions  differ  with  respect  to  the  degree  of  reitera- 
tion of  base  sequences  in  the  DNA,  as  well  as  with  respect  to  the  guanine  and 
cytosine  content  of  their  DNA.  Interference  by  defective  particles  with  the 
growth  of  standard  virus  is  not  correlated  with  a  change  in  buoyant  density 
of  the  DNA  of  these  particles. 
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Although  not  yet  demonstrated,  it  would  clearly  be  useful  to  have  viral 
particles  with  a  defect  or  deletion  In  that  part  of  the  genome  specifying 
the  cytocidal  functions.  Those  studies  are  continulnq  toward  the  attainment 
of  that  objective. 

(7)  Viral  Diseases  Studied  under  the  Auspices  of  the  U.S. -Japan  Cooperative 
Medical  Science  Program 

Goals  for  the  Panel  on  Viral  Diseases  have  been  established  by  a  binational 
agreement  between  the  United  States  and  Japan.  These  include: 

-  Basic  or  ap|)Hpd  •itudlen  on  the  control,  diagnosis,  prophy- 
laxis and  epidemiology  of  rabies; 

-  Studies  on  the  epidemiology  and  pathogenesis  of  dengue- 
hemorrhagic  fever; 

-  Development  of  vaccines  against  dengue; 

-  Basic  immunology,  and  biophysical  and  biochemical  studies 
of  dengue  and  dengue  viruses;  and 

-  Studies  on  the  structural  elements  of  arboviruses,  including 
isolation  and  identification  of  antigenic  components. 

(7a)  Rabies 

AI.  _Qi7_06-07  H.  Koprowski  (Mistar  Institute,  Philadelphia).  This  investigator 
has  been  studying  various  aspects  of  rabies.  During  the  current  year,  progress 
was  attained  in  the  study  of  the  immune  response  to  rabies.  As  with  other 
viral  diseases,  there  are  two  major  components  of  the  immune  response,  humoral 
antibody  response  and  a  cell -mediated  immune  (CMI)  response.  The  humoral 
immune  response  to  rabies  has  been  well  characterized  in  the  past;  and,  although 
the  level  of  circulating  antibody  has  been  well  correlated  with  protection 
against  rabies  on  a  pre-exposure  basis,  the  role  of  the  circulating  antibody 
formation  in  protection  against  rabies  in  the  post-exposure  situation,  or  in 
recovery  from  natural  infection,  remains  very  unclear.  Recently,  methods  have 
been  developed  for  characterizing  the  CMI  response  to  rabies  virus  infection 
by  two  methods. 

It  has  been  demonstrated  that,  when  lymphocytes  obtained  from  the  spleen,  lymph 
nodes  or  circulating  blood  of  immunized  animals  are  cultured  in  the  presence 
of  rabies  virus  antigens,  rapid  cell  multiplication  takes  place  that  does  not 
occur  in  the  absence  of  rabies  virus  antigens.  It  has  also  been  demonstrated 
that  immune  lymphocytes  from  rabies-infected  animals  can  destroy  rabies  virus- 
infected  cells  in  cell  culture.  Recently,  differences  have  been  discovered 
in  the  ability  of  different  rabies  virus  populations  to  elicit  the  CMI  response, 
as  demonstrated  by  the  ability  of  immune  lymphocytes  to  destroy  rabies  virus- 
infected  target  cells  in  cell  culture.  Live  attenuated  rabies  viruses  such  as 
those  used  in  live  vaccines  generate  a  strong  CMI  response  following  infection. 
On  the  other  hand,  virule^nt  strains  of  either  laboratory-adapted  or  wild 
"street"  virus  qenerato  very  low  levels  of  CMI  response  to  rabies  virus,  but 
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also  exhibit  a  suppressed  CMI  response  to  other  heterologous  viruses  such  as, 
for  example,  influenza  virus.  It  appears  that  the  methodology  is  now  avail- 
able to  study  reactions  that  take  place  at  the  cellular  level  in  the  animal 
during  post-exposure  treatment.  Efforts  are  now  being  focused  on  this  problem. 

AI  12017-03  H.  R.  Fischman  (Johns  Hopkins  University).  An  epidemiological 
investigation  revealed  that  there  is  correlation  on  a  national  level  between 
the  occurrence  of  fox  rabies  and  the  presence  of  caves.  This  correlation  has 
not  been  explained  by  fox  population  concentrations  in  the  same  areas  as  caves. 
Although  considerable  speculation  concerning  the  interrelationship  of  the  dis- 
ease in  foxes  and  bats  has  been  raised,  final  evidence  incriminating  the  bat 
as  a  basic  reservoir  animal  for  ground  animals  will  have  to  be  based  on  epi- 
demiologic proof  and  data  demonstrating  biological  plausibility.  A  descriptive 
analysis  of  animal  rabies  in  Virginia  over  a  30-year  period  provided  some 
additional  support  for  the  hypothesis.  Analysis  of  the  disease  in  Virginia 
showed  the  distinct  prevalence  and  the  periodic  cycling  of  the  disease.  The 
replacement  of  dog  rabies  by  fox  rabies  was  apparent  and  four  major  epizootic 
periods  could  be  identified.  The  specific  yearly  movement  of  the  disease  from 
county  to  county  was  shown.  It  was  noteworthy  that  the  disease  continued  to 
spread  even  at  times  of  low  incidence.  This  confirms  observations  made  with 
fox  rabies  in  Europe  and  has  been  explained  by  a  widening  of  home  range  as 
fox  populations  thin  out. 

(7b)  Dengue  and  Dengue-Hemorrhagic  Fever 

AI  12358-02  B.  Natth  (Mahidol  University,  Bangkok,  Thailand).  Studies  have 
progressed  on  the  refinement  of  a  rapid  method  for  the  detection  of  dengue 
virus  antigen  in  the  sera  of  patients  during  the  acute  stage  of  hemorrhagic 
fever.  Preliminary  results  have  indicated  that  the  use  of  countercurrent 
immunoelectrophoresis  (CIE)  was  applicable  for  both  field  and  clinical  situa- 
tions and  that  the  rate  of  detection  of  dengue  antigenemia  was  high  in  compari- 
son with  the  viral  isolation  method.  The  specificity  of  the  CIA  test  has  not 
been  fully  evaluated  and  it  is  recommended  that  the  hemagglutination-inhibition 
test  be  run  with  the  CIA  for  confirmation  of  results. 

In  another  diagnostic  procedure  the  investigators  found  that  B-lymphocytes 
from  dengue-hemorrhagic  fever  patients  contain  dengue  antigens  and  human  Bi^ 
a-globulin  on  their  surface.  These  antigens  and  the  complement  can  be  detected 
by  immunofluorescont,  staining  from  the  second  day  before  shock  occurs  to  sub- 
sidence of  fever.  The  Increasing  or  decreasing  percentage  of  cells  bearing 
viral  antigens  and  complement  corresponds  chronologically  to  the  clinical 
course,  suggesting  some  role  of  the  cells  in  the  rapid  turn  of  events  in  these 
patients. 

Virology  Task  Force 

A  review  of  the  current  state  of  the  art  to  formulate  recommendations  for 
future  research  in  the  field  of  virology  was  undertaken  by  a  Task  Force  in 
Virology  during  the  past  year.  The  Task  Force  consisted  of  approximately 
80  experts  in  virology  and  related  fields  who  were  assigned  to  five  panels. 
The  respective  panels  dealt  with  the  following  areas:  acute  infections, 
chronic  and  persistent  infections,  control  of  viral  diseases,  basic  aspects 
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of  viruses,  and  viruses  used  as  probes  for  exploring  cell  metabolism.  Each 
panel  has  met  at  least  twice  and  assembled  a  report  with  recommendations. 
These  reports  and  recommendations  will  be  published  in  six  volumes.  A  lay 
version  summarizing  the  total  technical  report  will  also  be  published  and 
available  for  public  dissemination.  It  is  anticipated  that  this  report  will 
be  used  by  NIAID  and  other  institutes  and  agencies  for  planning  future  pro- 
grams of  research  in  virology. 
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CLINICAL  STUDIES  BRANCH 

The  newly  established  Clinical  Studies  Branch  serves  as  the  Institute's  focus 
for  the  development  and  processing  of  Investigational  New  Drug  Applications; 
provides  and  monitors  closed  clinical  facilities  for  Institute  volunteer 
studies;  maintains  liaison  with  the  NIH  Human  Research  Review  Panel  and  the 
NIAID-Clinical  Research  Subpanel ;  and  conducts,  promotes  and  supports  the 
development  and  evaluation  of  procedures  for  the  diagnosis,  prevention  and 
treatment  of  infectious  diseases,  particularly  those  procedures  leading  to 
improved  patient  care. 

Activity  Number  Amount 

Research  Grant 
Research  Contracts 


Training  Grants 
Fellowships 


Total 


-  0  - 

-  0  - 

1 

$  138,820 

NIIP 

800,000 

T.Q. 

967,000 

Estimate 

-  0  - 

-  0  - 

-  0  - 

-  0  - 

1 

$1,905,820 

Program  Summary 


The  Clinical  Studies  Branch  currently  supports  one  research  contract  with  the 
University  of  Maryland.  This  contract  is  for  the  maintenance  and  support  of 
a  facility  in  which  closed  populations  of  volunteers  are  studied  following 
administration  of  infectious,  and  therefore,  potentially  transmissible  agents. 
Between  November  1,  1976,  and  June  30,  1977,  this  Center  for  Vaccine  Develop- 
ment has  admitted  291  volunteers  to  their  quarantine  facility  and  76  volun- 
teers, were  studied  as  outpatients.  Altogether  a  total  of  fifteen  clinical 
protocols  were  successfully  completed:  seven  cholera,  four  Escherichia  coli , 
three  influenza  virus,  and  one  respiratory  syncytial  virus  (RSV) .  The  follow- 
ing  pertinent  findings  were  made:  cholera  toxoid  given  repeatedly  by  mouth 
at  two  different  doses  produced  circulating  antitoxin  antibody  in  volunteers, 
but  did  not  significantly  lower  the  attack  rate,  attenuate  clinical  illness, 
nor  markedly  delay  onset  of  diarrhea  after  Vibrio  cholerae  challenge.  By 
contrast,  homologous  immunity  to  Ogawa  strain,  V.  cholera?  was  absolute  after 
clinical  cholera,  and  immunity  to  the  Ogawa  strainco^if erred  cross-immunity 
against  the  heterologous  Inaba  strain.  These  studies  suggest  that  anti- 
bacterial rather  than  antitoxin  immunity  plays  the  major  role  in  protecting 
man  against  clinical  cholera.  Similarly,  homologous  immunity  existed  for  at 
least  eight  weeks  after  enterotoxin-producing  £.  coli  challenge,  and  anti- 
bacterial immunity  rather  than  antitoxin  immunity  appeared  to  play  the  major 
role  in  protecting  volunteers  against  £.  coli -induced  diarrhea.  The  results 
of  trials  using  attenuated,  temperature-sensitive  influenza  and  RSV  vaccines 
in  adults  revealed  that  two  influenza  vaccines  and  one  RSV  vaccine  are  suf- 
ficiently attenuated  for  trials  in  children. 


The  responsibility  for  collecting  and  reviewing  the  necessary  documentation 
required  to  file  and  maintain  Investigational  New  Drug  Applications  (INDAs) 
with  the  Food  and  Drug  Administration  (FDA)  for  the  Microbiology  and  Infec- 
tious Diseases  Program  resides  in  this  Branch.  Currently  18  active  INDAs 
are   filed  with  the  Bureau  of  Biologies,  FDA,  and  three  with  the  Bureau  of 
Drugs,  FDA.  During  the  past  year  new  INDAs  were  filed  for  the  study  of  "Men- 
ingococcal Group  B  Protein  Vaccines",  "Inactivated  Subunit  Hepatitis  B  Vac- 
cine" and  "Rimantadine  and  Aerosolized  Amantadine". 

Staff  support  is  provided  for  the  NIAID-Clinical  Research  Subpanel  (CRS)  which 
reviews  both  intramural  and  contract-supported  clinical  studies.  Staff  as- 
sures that  all  MI  DP  studies  involving  humans  are  reviewed  by  the  CRS  initially 
and  every  three  years  thereafter,  and  by  the  NIAID-Clinical  Director  in  inter- 
vening years. 

The  Branch  has  helped  to  arrange  for  further pha'se  1  trials  of  a  Rocky  Mountain 
Spotted  Fever  Vaccine  developed  by  the  U.S.  Army.  A  volunteer  study  in  adults 
is  scheduled  to  take  place  at  the  U.S.  Army  Medical  Research  Institute  of  In- 
fectious Diseases,  Fort  Detrick,  Frederick,  Maryland. 

A  meeting  of  expert  clinicians  was  organized  to  discuss  the  problems  and  pos- 
sibilities of  conducting  randomized,  controlled  antibiotic  trials.  Following 
recommendations  of  that  meeting  and  additional  staff  evaluation,  requests  for 
proposals  are  being  developed  for  studies  on  cryptococcal  meningitis,  acute 
bacterial  endocarditis  and  osteomyelitis.  The  purpose  of  these  trials  is  to 
bring  some  of  the  studies  sponsored  by  the  NIAID  closer  to  the  needs  of  the 
practicing  physician,,  to  improve  the  efficacy  of  selected  antibiotic  regimens, 
and  to  reduce  morbidity  and  medical  care  costs.  New  programs  being  developed 
for  possible  funding  include:  (1)  Rapid  viral  diagnosis;  (2)  Collaborative 
clinical  trials  of  antibiotic  regimens;  (3)  Studies  of  malnutrition,  infection 
and  immunity;  and  (4)  Additional  closed  volunteer  facilities. 

As  part  of  the  development  of  new  programs  with  the  goal  of  evaluating  pro- 
cedures that  will  lead  to  improved  patient  care,  the  Branch  has  had  planning 
sessions  for  the  support  of  three  workshops:  "Immunological  Adjuvants  for 
Vaccines";  "Pulmonary  Infection  and  Immunity";  and  "Escape  from  Immune  Mech- 
anisms and  Disease".  Four  other  workshops  and  two  symposia  are  in  early 
stages  of  planning.  These  include  workshops  on  (1)  "Amphotericin-B  Methyl 
Ester";  (2)  "Rapid  Viral  Diagnosis";  (3)  "Nosocomial  malnutrition.  Infection 
and  Immunity";  and  (4)  "Infection  and  Immunology  of  Skin  Disorders".  The 
symposia  include  "The  Diagnosis  and  Treatment  of  Infectious  Diseases  and  Their 
Impact  on  Medical  Care",  and  "Nutrition  and  Immunity". 

Within  the  United  States,  the  proposed  program  on  malnutrition,  infection  and 
immunity  will  emphasize  the  study  of  nosocomial  malnutrition  in  hospitals,  and 
its  influence  on  the  immunologic  mechanisms  that  affect  the  severity  and  fre- 
quency of  infections  in  hospitalized  patients.  As  a  first  step,  a  trans-NIH 
Symposium  on  Nutrition  and  Immunity,  directed  toward  basic  effects  of  selected 
nutrients  on  the  immune  response,  is  tentatively  planned  for  FY  1978.  As  the 
second  step,  a  tmns-NIH  Workshop  on  Nosocomial  Malnutrition,  Infection  and 
Immunity  is  planned  for  FY  1979.  This  clinically-oriented  workshop  will  ex- 


plore  the  role  of  malnutrition  and  nutrition  support  techniques  on  nosocomial 
infection  in  American  hospitals.  In  collaborative  studies  with  the  National 
Cancer  Institute,  the  Branch  will  assess  the  role  of  hyperalimentation  and  im- 
proved nutrition  on  the  infection  rate  and  immune  response  of  selected  cancer 
patients.  Overseas,  malnutrition  and  immunity  studies  will  be  encouraged  when- 
ever possible  in  the  NIAID  ICMRs  in  Dacca,  Bangladesh  and  in  Cali,  Columbia 
and  at  other  centers.  Joint  funding  from  NIAID,  NICHHD,  NEI,  the  United  States 
Agency  for  International  Development  (USAID),  and  the  Department  of  Agriculture 
may  be  possible. 

Dr.  Edelman  participated  in  a  workshop  titled  "Nutrition  and  Immunity"  sponsored 
by  the  Nutrition  Study  Section,  DRG  in  February,  1977,  and  in  a  workshop  titled 
"Effective  Interventions  to  Reduce  Infections  in  Malnourished  Populations" 
sponsored  by  USAID  which  was  held  in  Haiti  in  June,  1977.  In  April,  1977,  he 
presented  a  seminar  on  "Malnutrition  and  Immunity"  to  the  Immunology  Council 
at  Johns  Hopkins  University.  Dr.  Edelman  is  an  ex-officio  member  of  the  Na- 
tional Conmission  on  Digestive  Diseases.  As  such  he  is  a  voting  member  and 
will  participate  in  public  hearings,  and  will  aid  the  Commission  in  writing 
its  report  to  Congress,  Branch  staff  are  participating  in  the  NIH  coordinating 
committees  on  nutrition,  digestive  diseases,  and  cystic  fibrosis. 

Finally,  the  Branch  is  exploring  the  need  for  additional  volunteer  facilities 
for  the  conduct  of  Institute-sponsored  infectious  diseases  studies  requiring 
quarantine  techniques. 
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EPIDEMIOLOGY  AND  BIOMETRY  BRANCH 

The  Epidemiology  and  Biometry  Branch  plans,  conducts,  and  coordinates  a  pro- 
gram of  epidemiological  research  into  the  originSf  frequency  of  occurrence, 
and  geographic  distribution  of  infectious  diseases  in  humans i  plans,  develops, 
and  coordinates  the  Institute's  program  for  mathematical  and  statistical  studies 
of  infectious  diseases;  analyzes  data  from  various  sources  for  trends  in  U.S. 
vital  statistics  in  areas  of  interest  to  this  Institute's  programs;  provides 
service  and  consultation  in  the  application  of  advanced  mathematical  and  sta- 
tistical techniques  to  infectious  disease  research;  collaborates  with  the 
Clinical  Studies  Branch  in  devising  appropriate  study  designs  and  sample  sizes 
for  clinical  intervention  studies;  and  provides  consultation  on  epidemiologic 
aspects  of  infectious  diseases  to  physicians  and  scientists,  maintaining  close 
liaison  with  the  Center  for  Disease  Control  on  behalf  of  the  Institute  for  this 
purpose.  From  January  to  mid-July  the  Branch  was  under  the  direction  of  Dr. 
Fred  J.  Payne  who  served  as  Acting  Chief.  Dr.  George  Curl  in,  assumed  duties 
as  Branch  Chief  on  July  18,  1977.  Present  plans  call  for  two  additional  pro- 
fessionals, a  senior  biostatistician  and  an  assistant  statistician.  A  computer 
terminal  connected  to  the  NIH  central  computer  will  be  installed  in  the  Branch 
in  the  near  future. 

Approximate  Level  of  Support 

This  new  Branch  does  not  yet  administer  any  grants  or  contracts.  A  major  per- 
ceived need  is  training  of  infectious  disease  epidemiologists. 

Program  Summary 

Activities  during  the  current  year  can  be  divided  Into  consultative  services, 
collaborative  studies  and  work  with  NIH  Coordinating  Committees. 

(1)  Consultative  Services 

During  the  first  year  of  operations  the  Branch  collaborated  with  other 
units  of  MIDP  either  through  co-Project  Officership  on  contracts  or  consultant 
on  epidemiological  aspects  of  grants  or  contracts.  Branch  staff  serves  as  co- 
Project  Officer  on  14  research  contracts  administered  by  the  Development  and 
Applications  Branch.  All  involve  descriptive  epidemiological,  clinical  inter- 
vention or  vaccine  evaluation  studies.  Branch  staff  monitors  one  of  these  on 
a  continuing  basis  for  adverse  effects  or  efficacy  -  a  large  multicenter  clin- 
ical trial  of  adenine  arabinoside  monophosphate  in  facial  herpes  simplex  in- 
fections. 

Staff  is  also  assisting  in  the  final  analysis  of  data  from  the  Hepatitis  Study 
Center  of  the  State  University  of  New  York  at  Buffalo  supported  by  DAB  and  now 
in  its  final  year. 

(2)  Collahorativp  Studies 

A  project    i'.  (urrently  being  develofied  by   the  Clinical   Studies   Br-anch  and 
the  Epidemiology  and  Rioiiictry  Branch  in  conaboration  with  the  Division  of 


Cancer  Cause  and  Prevention,  NCI,  to  determine  the  effect  of  total  parenteral 
nutrition  (TPN)  on  the  incidence  of  post-operative  wound  infection  and  other 
infections  in  cancer  patients.  This  controlled  study  will  attempt  to  measure 
the  effect  of  TPN  on  the  immune  response  to  infection  by  incidence,  type,  se- 
verity and  duration  of  infection,  and  through  measurements  of  immune  globulin 
levels  and  cell-mediated  immunity. 

The  Branch  is  collaborating  with  the  Medical  Virology  Section  of  the  Laboratory 
of  Clinical  Investigations,  NIAID,  and  with  NHLBI  in  seroepidemiological  studies 
of  herpesvirus  infections  in  the  Framingham  Heart  Disease  Study  population. 
The  study  will  incorporate  histocompatability  typing  to  determine  if  the  clin- 
ical snd  serological  response  to  these  infections  differs  by  HLA  allotype  or 
phenotype. 

(3)  NIH  Coordinating  Committees 

Staff  of  the  Branch  serves  on  the  NIH  Epidemiology  Coordinating  Committee. 
The  Committee  is  examining  the  supply  and  requirements  for  research  epidemio- 
logists to  serve  NIH  supported  biomedical  research.  New  approaches  for  their 
development  are  being  considered,  such  as  utilizing  NIH  itself  as  a  training 
resource.  Branch  staff  have  been  assigned  to  two  working  committees,  the  Com- 
mittee on  Associates  Programs  and  the  Committee  on  Epidemiology  Grants  and  con- 
tracts Data. 

The  Branch  has  been  active  as  a  participant  in  meetings  of  the  NIH  Working 
Group  to  Coordinate  Studies  of  the  Cost  of  Illness,  working  with  the  NIAID  Pro- 
gram Planning  and  Projection  Staff.  This  Institute  is  cooperating  with  several 
other  Institutes  to  support  the  continued  subscription  to  the  IMS-America  data 
services  on  the  cost  of  illness.  Because  of  the  rather  complex  interrelation- 
ships of  the  research  areas  of  the  NIAID  with  those  of  other  Institutes  this 
will  continue  to  be  a  high  priority  activity  of  the  Branch. 

(4)  Other  Activities 

Staff  has  made  working  contact  with  staff  at  the  National  Center  for 
Health  Statistics  (NCHS),  HRA  to  obtain  appropriate  data  from  the  various  com- 
ponents of  the  National  Health  Survey  both  through  the  vital  and  health  stat- 
istics publications  series  and  through  computer  tape  purchase  when  a  terminal 
is  irisLcilled  in  the  Brunch. 

A  special  project  is  ongoing  in  collaboration  with  the  NINCDS  and  the  NCHS  to 
determine  the  frequency  and  cost  of  hospitalization  for  systemic  lupus  erythe- 
matosus through  a  modification  of  the  NCHS  National  Hospital  Discharge  Survey. 
An  algorithm  for  SLE  has  been  added  to  the  NINCDS  algorithms,  and  is  currently 
undergoing  preliminary  testing  by  the  NCHS. 
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MOLECULAR  MICROBIOLOGY  AND  PARASITOLOGY  BRANCH 


The  Molecular  Microbiology  and  Parasitology  Branch  plans  and  conducts  re- 
search grant,  program  project  grants,  contract,  training  grant,  fellowship, 
and  career  award  programs  in  molecular  microbiology,  biochemistry,  genetics, 
DMA  recombinants,  physiology,  parasitology,  and  medical  entomology.  This 
Branch  was  created  by  amalgamating  the  fomter  Biochemistry  and  Physiology 
Branch  with  the  Parasitology  and  Medical  Entomology  Branch.  Dr.  Kenneth  0. 
Phifer  joined  the  Branch  at  this  time  and  has  been  designated  Parasitology 
Program  Officer.  He  also  will  continue  to  coordinate  the  activities  of  the 
Parasitic  Diseases  Panel  of  the  U.S. -Japan  Cooperative  Medical  Science 
Program. 

Approximate  Level  of  Support 

Molecular  Microbiology 

Activity  Number  Amount 


Research  Grants-^ 

174 

$10,376,990 

Research  Contracts 

0 

0 

Training  Grants 

3 

147,527 

Fellowships 

33 

340,746 

Sub 

-Total : 

,210 

$10,865,263 

1/     Includes  10  Career  , 

Awards 

($263,783) 

Parasitology 

Research  Grants-/ 

167 

$  8,344,683 

Research  Contracts 

4 

250,254 

Training  Grants 

12 

790,945 

Fellowships 

22 

236,700 

Sub 

-Total : 

205 

$  9,622,582 

JJ     Includes  8  Career  Awards  ($224,135) 
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Branch 

Research  Grants-^  341  $18,721,673 

Research  Contracts  4  250,254 

Training  Grants  15  938,472 

Fellowships  _55  577.446 

Total:  415  $20,487,845 

37  Includes  18  Career  Awards  ($487,918) 

Molecular  Microbiology 

As  was  the  case  in  FY  1976,  the  most  interesting  and  challenging  research 
supported  by  the  molecular  microbiology  section  is  to  be  found  in  the 
mechanisms  of  resistance  to  antimicrobial  agents  research  and  its  "off- 
spring" --  recombinant  nucleic  acid  manipulations.  At  this  point,  the 
"offspring"  constitutes  the  "cutting  edge"  of  molecular  microbiology  and 
threatens  to  supersede  its  parent  in  importance.  During  the  year.  Dr. 
Delappe  attended  the  majority  of  the  scientific  and  "political"  meetings 
relevant  to  this  rapidly  growing  progeny,  and  gave  a  talk  at  Harvard  Univer- 
sity in  June,  1977  on  Recombinant  DNA.  Since  NIAID  was  assigned  the  respon- 
sibility of  investigating  suitable  physical  containment  facilities  for 
recombinant  DNA  research,  a  considerable  amount  of  time  was  spent  by  Dr. 
Delappe  attending  meetings  on  this  and  inspecting  facilities  at  Fort  Detrick 
on  the  east  coast  and  at  the  Ames  Research  Center  of  NASA  on  the  west  coast. 

Program  Sumniar;y_ 

In  addition  to  free-ranging  research,  there  is  a  special  program  on  Mecha- 
nisms of  Resistance  to  Antimicrobial  Agents;  whether  research  employing 
recombinant  DNA  technology  should  be  assigned  to  a  single  program  remains 
to  be  determined. 

(1)  Mechanisms  of  Resistance  to  Antimicrobial  Agents 

During  the  past  ten  years,  the  problem  of  microbial  resistance  to  thera- 
peutic agents  has  become  increasingly  apparent.  The  relevance  of  this 
phenomenon  to  other  interests  of  this  Institute  such  as  hospital-associated 
Infections  of  staphylococcal  origin  and  investigations  of  the  gonococcus  is 
obvious.  At  this  point,  there  is  substantial  clinical  and  epidemioloqical 
evidence  that  development  of  this  resistance,  and  especially  plasmid  (extra- 
chromosomal)  mediated  druq  resistance,  represents  a  major  problem  in  medical 
care.  Most  of  the  projects  are  concerned  with  defining  the  molecular  and 
biochemical  basis  for  resistance.  The  principal  goal  being  to  elucidate  the 
fundamental  biological  mechanisms  involved  in  the  development  of  drug 
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resistance  by  microorganisms.  Specific  goals  involve  investigation  of  the 
origin,  development*  evolution,  expression  and  mechanism  of  drug  resistance 
in  a  variety  of  specific  microorganisms.  Examples  of  microorganisms  of 
particular  interest  are  (but  not  limited  to):  Enterobacterl aceae ,  Pseudomo- 
nas.  Neisseria,  staphylococci,  streptococci,  n\ycobacteria,  niycoplasmas,  and 
pathogenic  fungi . 

Research  Highlights 

AI  12821-03  D.  Storm  (University  of  Illinois):  A  number  of  membrane  active 
antibiotics  have  served  as  useful  tools  for  studying  the  structure  and  func- 
tion of  biological  membranes.  Recently  a  new  peptide  antibiotic,  EM  49,  has 
been  isolated  which  disrupts  membrane  structure  and  affects  bacterial  res- 
piration. EM  49  resembles  the  polyrnyxins  structurally;  however,  the  anti- 
microbial spectra  of  these  peptides  are  significantly  different.  Both  anti- 
biotics are  cyclic  peptides  containing  a  high  percentage  of  2,4  diaminobuty- 
ric  acid  with  a  fatty  acid  attached  through  an  amide  linkage.  However,  the 
polyrnyxins  are  decapeptides  containing  a  C:8  or  C:9  fatty  acid,  and  EM  49  is 
an  octapeptide  containing  a  C:10  or  C:ll  3-hydroxy  fatty  acid.  The  effects 
of  EM  49  on  bacterial  metabolism  are  similar  to  uncouplers  of  oxidative 
phosphorylation.  EM  49  stimulated  bacterial  respiration  within  a  narrow 
concentration  range  corresponding  to  minimum  inhibitory  concentrations,  and 
inhibited  respiration  at  concentrations  comparable  to  minimum  biocidal  con- 
centrations. In  addition,  the  peptide  Increased  membrane  proton  permeability 
and  lowered  the  ATP  pool  size.  Parallel  studies  done  with  the  related  anti- 
biotic, polytnyxin  B,  demonstrated  that  the  two  peptides  differed  considerably 
In  their  effects  on  bacterial  respiration.  In  contrast  to  EM  49,  polyinyxin  B 
did  not  stimulate  respiration  at  any  concentration.  It  is  proposed  that  the 
primary  action  of  EM  49  is  to  disrupt  the  selective  Ion  permeability  of  the 
cytoplasmic  membrane,  thereby  relaxing  the  membrane  potential.  This  would 
allow  the  antibiotic  to  penetrate  to  the  inner  membrane,  which  is  probably 
the  primary  killing  site  of  EM  49. 

Polymyxin  B  was  attached  to  agarose  beads  by  stable  covalent  bonds  and  the 
antimicrobial  activity  of  the  immobilized  peptide  was  examined.  Polyinyxin- 
agarose  Inhibited  the  growth  of  Escherichia  coll  and  Pseudomonas  aeruginosa, 
but  not  of  Bacillus  subtil  is.  In  addition,  the  respiration  of  E.  coll, 
E.  coll  spheroplasts,  and  B.  subtil  is  protoplasts  was  inhibited  by  immobi- 
lized polynnyxln,  whereas  the  respiration  of  B.  subtil  is  was  unaffected  by 
poly(i\yx1n-agarose.  The  activity  of  polyinyxin-agarose  was  not  due  to  the 
release  of  free  peptide  from  the  derivative.  These  data  Indicate  that  poly- 
rrwxln  can  inhibit  the  growth  and  respiration  of  gram-negative  bacteria  by 
interacting  with  the  outer  surface  of  these  cells.  It  Is  proposed  that 
perturbation  of  outer  membrane  structure  by  polyn\yx1n-agarose  Indirectly 
affected  the  selective  permeability  of  the  inner  membrane  and  inhibited 
respiration.  The  results  of  this  study  emphasize  the  Importance  of  outer 
membrane  structural  integrity  for  the  normal  functions  of  gram-negative 
bacteria. 
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AI  12500-03    J.   R-  Murphy  (Harvard  Medical  School):     Dr.  Murphy  has  continued 
to  use  a  combined  genetic  and  biochemical  approach  to  study  the  Corynebacter- 
ium  diphtheriae  strain  C7-mediated  regulation  of  the  corynebacterlophage  B 
tox  gene.     Since  previous  investigations,  both  in  Dr.  Murphy's  laboratory  and 
in  others,  have  not  conclusively  demonstrated  that  the  regulation  of  the 
corynephage  tox  gene  is  directed  at  the  level  of  transcription,  experiments 
were  begun  to  answer  this  question.     It  was  found  that  diphtheria  toxin  re- 
lease from  iron-starved  cultures  of  C7  (B)  can  be  inhibited  by  the  addition 
of  varying  concentrations  of  iron.     The  inhibitory  effect  of  iron  1s  linear 
over  a  1000-fold  range  in  concentration.     The  addition  of  Iron  to  a  final 
concentration  of  16uM  is  sufficient  to  cause  an  almost  complete  Inhibition  of 
diphtheria  toxin  production  within  20  minutes.     There  is  not  a  concomitant 
inhibition  of  total  protein  synthesis  and,  in  fact,  the  growth  of  the  culture 
is  stimulated.     The  minimal  amount  of  rifampin  necessary  to  cause  an  Immedi- 
ate inhibition  of  total  protein  synthesis  by  C7  (B)  is  1.0  ug/ml.     At  this 
concentration  rifampin  causes  an  immediate  Inhibition  of  diphtheria  toxin 
production.     The  apparent  half-life  of  diphtheria  toxin  production  Is  approx- 
imately the  same  (8  minutes)  in  the  presence  of  Inhibitory  concentrations  of 
either  iron  or  rifampin. 

AI  11456-05     R.   Curtiss,   III   (University  of  Alabama):     This  laboratory  has 
investigated  conjugational  transmission  of  some  24  different  conjugative 
plasmids  representing  16  different  incompatibility  groups  as  a  function  of 
the  temperature  of  mating.     In  general,  transconjugant  frequency  falls  as 
the  temperature  is  decreased,  and  little  or  no  transfer  is  observed  at  tem- 
peratures of  27°C  or  below  except  for  those  plasmids  representing  incompati- 
bility groups  that  are  frequently  found  in  soil  microorganisms.     Thus,  most 
conjugational  transmission  of  plasmids  frequently  found  in  the  enteric 
bacteria  must  occur  in  the  intestinal  tract  at  a  temperature  of  37*C.     It 
has  also  been  shown  through  studies  on  the  mobilization  of  non-conjugatlve 
plasmid  cloning  vectors  by  various  conjugative  plasmids  that  the  absence  of 
relaxation  complexes  on  ColEl  plasmid  derivatives  1s  correlated  with  a  de- 
creased ability  to  be  mobilized  by  conjugative  plasmids. 

AI  9644-08    H.Nikaido  (University  of  California,  Berkeley):     The  permeabil- 
ity  function  of  the  cell  wall  of  gram-negative  bacteria  such  as  salmonellae 
was  investigated  by  producing  cells  with  an  expanded  periplasmic  volume,  and 
incubating  them  with  radioactive  non-utilizable  oligo-  and  polysaccharides  or 
with  polyethylene  glycols.     To  quantitate  the  extent  of  penetration  of  these 
hydrophilic  compounds  into  the  periplasm,  the  radioactivity  of  the  cell 
pellet  was  determined  after  centrifugation.     It  was  found  that  only  di-  and 
trisaccharides  could  fully  diffuse  into  the  periplasm,  whereas  higher- 
molecular-weight  saccharides  were  nonpenetrable.     In  addition,  low-molecular- 
weight  polethylene  glycols  rapidly  diffused  across  the  cell  wall.     Kinetics 
experiments  also  showed  that  both  sucrose  and  raffinose  in  the  periplasm 
exchanged  rapidly  with  sugars  in  the  medium,  even  at  O^C.     These  results 
suggest  that  the  cell  wall  acts  as  a  molecular  sieve,  with  an  exclusion  limit 
near  550  to  650  daltons  for  saccharides.     It  was  also  suggested  that  the 
diffusion  of  these  hydrophilic  compounds  most  likely  occurs  through  water- 
filled  pores  present  in  the  cell  wall  of  gram-negative  bacteria. 
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This  property  forms  a  striking  contrast  to  that  of  the  gram-positive  cell 
wall,  which  allows  the  penetration  of  much  larger  molecules  (e.g.,  about 
100, 000- da Hon  dextrans  in  Bacillus  megaterium  cell  wall.  The  molecular 
sieving  in  the  outer  membrane  is  apparently  achieved  through  the  presence  of 
water-filled  pores  that  permit  the  rapid,  nonspecific  diffusion  of  small, 
hydrophilic  molecules.  This  mechanism,  however,  may  not  be  the  only  diffu- 
sion pathway  present  in  the  outer  membrane.  For  example,  proteins  involved 
in  the  specific  transport  of  molecules  too  large  to  penetrate  through  pores 
have  been  found  in  the  outer  membrane.  The  protein  involved  in  maltodextrin 
diffusion  in  E^.  coli  may  be  a  special  case,  since  it  is  also  required  for  the 
diffusion  of  very   low  concentrations  of  maltose.  In  addition,  a  pathway  for 
diffusion  of  hydrophobic  molecules  has  been  described  for  the  outer  membrane 
of  certain  lipopolysaccharide  blosynthetic  mutants. 

(2)  Recombinant  DNA  Molecule  Research 

During  the  past  few  years,  the  development  of  certain  techniques  in  the  area 
of  molecular  biology  have  made  it  possible  to  construct  functional  DNA  mole- 
cules in  vitro  which  contain  segments  derived  from  diverse  biological  sources. 
The  scTehtffic  innovations  which  led  to  this  technological  breakthrough  were 
mostly  derivative  from  basic  studies  on  the  mechanism  of  restriction,  which 
normally  acts  as  a  barrier  to  gene  flow  among  microorganisms,  and  the  molecu- 
lar biology  and  genetics  of  bacterial  plasmids,  especially  those  specifying 
drug  resistance.  Grantees  of  this  Institute  played  a  preponderant  role  in 
the  latter  development.  Whereas  DNA  recombination  in  nature  has  depended  on 
random  processes,  the  experimental  techniques  now  available  enable  the  in 
vitro  construction  and  subsequent  replication  of  DNA  molecules  needed  for 
specific  experimental  goals.  This  basic  knowledge  coupled  with  refinements 
of  the  existing  technology  should  provide  greater  knowledge  of  the  mechanisms 
of  pathogenicity  (at  the  molecular  level)  of  viral,  bacterial,  mycotic  and 
parasitic  agents.  This  information,  in  turn,  may  lead  to  improved  prevention, 
diagnosis  and  treatment  of  infectious  diseases.  Notwithstanding  the  poten- 
tial benefits  of  recombinant  DNA  molecule  research,  there  may  be  associated 
potential  biohazards  which  must  be  avoided  by  the  design,  construction  and 
testing  of  safer  host- vector  systems  for  use  in  these  studies. 

The  primary  goal  of  this  research  is  the  development  and  utilization  of  re- 
combinant DNA  molecule  technology  to  increase  fundamental  knowledge  and  ulti- 
mately enhance  control  of  the  etiological  agents  of  infectious  diseases. 
Another  goal  is  the  synthesis  of  a  variety  of  biologically  useful  substances 
through  the  construction  of  bacterial  cells  containing  functional  DNA  of 
either  plant  or  animal  origin.  An  equally  important  goal  is  the  identifica- 
tion, assessment  and  elimination  of  any  and  all  potential  biohazards  encoun- 
tered in  the  exploitation  of  this  technology. 

Research  Highlights 

AI  6966-12  A.  Markovitz  (University  of  Chicago):  A  2  x  10^  dalton  piece  of 
E.  coli  DNA  has  been  cloned  using  the  plasmid  pSClOl  as  a  selective  vehicle. 
When  the  resulting  plasmid,  designated  pMC44,  is  introduced  into  a  capR(lon) 
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mucoid  cell  by  transformation,  the  cells  become  nonmucoid.  In  addition, 
plasmid  PMC44  partially  corrects  cell  division  defects  in  capR  cells,  two 
lines  of  evidence  suggest  that  the  cloned  2  x  10^  dalton  DNA  contains  a 
strong  promoter.  (1;  Tetracycline  resistance  is  normally  inducible  in  R"*" 
strains,  such  as  those  harboring  pSClOl.  However,  in  strains  carrying  pMC44, 
tetracycline  resistance  is  constitutive,  as  shown  by  incorporation  of  14c-leu 
into  strains  in  the  presence  of  the  drug.  Also,  strains  with  pMC44  are  re- 
sistant to  higher  levels  of  tetracycline.  (2)  SDS  -  polyacryl amide  gel 
electrophoresis  of  the  polypeptides  specified  by  pMC44  and  pSClOl  in  mini- 
cells  shows  an  increase  in  major  pSClOl-coded  polypeptides  in  strains  con- 
taining pMC44  compared  with  strains  having  only  pSClOl.  The  results  In  (1) 
and  (2)  are  interpreted  to  mean  that  there  is  transcriptional  readthrough 
from  a  promoter  on  the  2  x  10^  dalton  piece  of  DNA  into  pSClOl  DNA  which 
causes  increased  amounts  of  the  protein(s)  determining  tetracycline  resist- 
ance. As  a  result,  cells  containing  pMC44  exhibit  constitutive  and  Increased 
tetracycline  resistance. 

In  a  second  series  of  experiments.  Dr.  Markovltz  has  isolated  fragments  of 
the  £.   coll  Ki2  chromosome  as  plasmids  containing  genes  involved  in  cell 
division  and  radiation  sensitivity. 

Use  of  restriction  endonucleases  and  various  cloning  vehicles  allows  one  to 
clone  small  fragments  of  DNA.  This  technology  has  renewed  interest  in  ob- 
taining specific  segments  of  the  bacterial  chromosome  as  plasmids  that  con- 
tain 10°  daltons  of  DNA  and  can  easily  be  isolated  in  CsCl-EtBr  gradients. 
Genes  on  such  plasmids  are  enriched  25  to  40- fold  compared  to  the  chromosome 
of  E.  coli  K12  (2.7xl09  daltons).  When  an  E.  coll  K12  Hfr  donor  Is  crossed 
witK  a  recA  recipient  and  recombinants  are  selected  for  an  allele  near  the 
origin  or  termination  of  transfer,  the  recombinants  contain  plasmids.  Most 
of  the  plasmids  isolated  previously  by  this  technique  are  too  large  to  iso- 
late In  gradients.  However,  Dr.  Markovitz  has  been  successful  in  three  sep- 
arate Instances  (all  attempts)  in  constructing  and  isolating  such  plasmids. 
Two  out  of  three  of  the  plasmids  are  defective  in  transfer.  The  following 
plasmids  were  isolated  and  their  molecular  weight  determined  by  electron 
microscopy:  F'ZCIOS  containing  proC*"  capR"*"  (Ion"'"),  120  x  10^  daltons;  pXC106 
containing  leu"^  sulB'*'.  70  x  10°  daltons;  pKMClOl,  pyrP'^  sulA+.  These  plas- 
mids will  aTTow  cloning  of  the  genes  Involved  in  cell  division  and  radiation 
sensitivity. 

A  third  experiment  identified  inner  and  outer  membranes  produced  by  a  plas- 
mid. A  2  X  10^  dalton  piece  of  £.   coli  DNA  has  been  cloned  using  the  plas- 
mid pSClOl  as  a  selective  vehicle.  Introduction  of  the  plasmid  pMC44  by 
transformation  into  Ion  (capR)  mucoid  cells  partially  corrects  some  cell 
division  defects  and  the  clones  become  nonmucoid.  The  proteins  coded  by 
plasmids  pSClOl  and  pMC44  were  selectively  labeled  with  (^^s)  methionine  by 
using  purified  minicells  which  contain  the  plasmids.  Protein  incorporation 
was  approximately  7  times  more  efficient  in  minicells  containing  pMC44  as 
compared  to  those  containing  pSClOl.  Minicell  proteins  were  separated  by 
SDS-polyacrylamide  gel  electrophoresis.  A  total  of  12  radioactive  peptides 
were  separated  from  minicells  carrying  pMC44.  Eight  were  coirmon  to  pSClOl 
containing  minicells.  Three  of  the  radioactive  proteins  of  pMC44- harboring 


minicens  were  found  in  purified  minicell  membranes:  M2,  PI,  P3.  M2,  a 
40,000  dalton  polypeptide  that  is  pMC44  specific,  was  insoluble  in  1%  Sarko- 
syl ,  which  indicates  that  M2  is  an  outer  membrane  protein.  PI  and  PS,  34,000 
and  30,000  daltons  respectively,  were  common  to  both  pMC44  and  pSClOl  mini- 
cell  membranes.  PT  and  P3  were  Sarkosyl  soluble  which  indicates  that  they 
are  inner  membrane  proteins.  The  cloning  of  plasmid  pMC44  now  allows  one  to 
study  the  synthesis,  compartmentallzation  and  mRNA  stability  of  an  outer 
membrane  protein. 

AI  8619-10  S.  H.   Cohen  (Stanford  Medical  School):  Dr.  Cohen  has  succeeded 
in  Isolating  sea  urchin  DNA  by  subculture  cloning  in  E.  coli.  The  ability 
to  isolate  eukaryotic  DNA  regions  that  code  for  specific  gene  products  is 
vital  to  the  understanding  of  gene  organization  and  function  in  higher 
organisms.  Previouslys  separation  of  such  regions  from  the  bulk  of  eukaryo- 
tic DNA  has  been  possible  only  wherl  their  nucleotide  sequences  have  been 
highly  repetitive  or  have  had  distinguishing  physical  properties. 

Histone  genes  have  been  cloned  selectively  in  Escherichia  coli  directly  from 
unfractlonated  sea  urchin  DNA  using  labelled  mWk  probe.  TFii' cloning  method 
used  Is  potentially  applicable  for  Isolating  any  genetic  sequence  for  which  a 
probe  is  available.  The  several  eukaryotic  gene  fragtnents  Introduced  into 
bacteria  by  this  method  collectively  contain  all  or  nearly  all  of  the  DNA 
sequences  represented  in  histone  m  RNA. 

In  a  second  series  of  experiments.  Dr.  Cohen  and  associates  studied  inter- 
mediate forms  in  plasmid  replication.  These  Intermediate  forms  are  wide- 
spread In  biological  systems.  Because  of  their  physical  properties  and  small 
size,  extrachromosomal  circular  DNA's  are  useful  for  studying  the  biology  of 
genetic  material.  Dr.  Cohen  found  that  a  closed  circular  monomeric  DNA  form 
lacking  supercoils  Is  an  intermediate  in  plasmid  replication,  suggesting 
that  newly  separated  progeny  DNA  molecules  may  be  sealed  to  the  closed  cir- 
cular form  before  the  introduction  of  superhelical  turns.  Maturation  of 
progeny  DNA  presumably  involves  the  supercolling  of  this  species,  possibly 
by  means  of  specific  DNA  binding  porteins  and  a  swivel  enzyme.  If  this 
supercoiling  step  occurs  by  a  series  of  nicking-closing  reactions,  molecules 
with  superhelix  densities  intermediate  between  that  of  form  I  DNA  and  DNA 
lacking  supercoils  (that  is,  with  properties  similar  to  those  of  the  mole- 
cules present  in  the  lighter  component  of  hrDNA)  may  be  generated.  The 
occurrence  of  covalently  closed  circular  DNA  molecules  lacking  supercoils  as 
Intermediates  in  the  replication  of  circular  DNA  seems  to  be  widespread. 

AI  7194-12  D.  R.  Helinski  (University  of  California,  San  Diego):  Dr. 
Helinski  has  studied  the  ability  of  plasmid  RK2,  which  can  live  in  a  wide 
variety  of  bacterial  hosts,  to  act  as  a  vector  (or  vehicle)  for  foreign  DNA. 
This  particular  plasmid  specifies  resistance  to  the  antibiotics  ampicillin, 
kanarnycin,  and  tetracycline.  It  is  maintained  in  a  stable  condition  in  a 
broad  range  of  gram-negative  bacteria,  and  has  a  single  ECORl  restriction 
site.  The  insertion  of  a  DNA  fragment  into  this  site  does  not  interfere 
with  either  plasmid  maintenance  or  self-transmissibility.  Because  of  its 
broad  host  range,  It  should  be  useful  for  the  construction  In  vitro  of  hybrid 
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plasmid  molecules  capable  of  being  established  by  conjugal  transfer  or  trans- 
formation Into  many  genera  of  gram-negative  organisms  hitherto  intractable  to 
genetic  manipulation.  However,  full  exploitation  of  this  system  will  have  to 
await  the  elimination  of  the  antibiotic  resistance  genes,  due  to  the  poten- 
tial hazards  associated  with  the  transfer  of  drug  resistance  into  novel  back- 
grounds. 

Parasitology 

In  October,  1975,  the  workshop  recommended  by  a  peer  evaluation  of  the  Bio- 
logical Regulation  of  Vectors  program  took  place  in  Easton,  Maryland.  The 
proceedings  of  this  workshop  were  published  by  the  Government  Printing  Office 
and  the  publication  has  been  distributed  to  relevant  scientists.  It  will  be 
available  to  others  at  a  price  of  $2.50  and  those  Interested  may  obtain  the 
publication  from  the  Superintendent  of  Documents  in  the  Government  Printing 
Office.  Thus  far,  it  has  gained  a  wide  and  enthusiastic  reception  in  the 
field. 

In  June,  1977,  the  workshop  recommended  by  a  peer  evaluation  of  the  Immunol- 
ogy of  Parasitic  Infections  program  took  place  in  Bethesda,  Maryland.  Cur- 
rently, arrangements  are  being  made  to  publish  the  workshop  proceedings  in 
the  Journal  of  the  American  Society  of  Tropical  Medicine.  A  "hard-cover" 
publication  of  the  proceedings  is  also  being  considered.  Both  of  these 
should  be  available  late  this  year  or  in  early  1978. 

Program  Summary 

The  two  major  components  of  this  section  are  responsible  for  medical  ento- 
mology and  parasitic  infections. 

(1)  Biological  Regulation  of  Vectors 

This  program  has  as  Its  goal  the  advancement  of  fundamental  studies  which 
might  lead  to  effective  methods  of  biological  regulation  of  vectors.  For  the 
past  30  years,  control  of  pests  and  disease  vectors  has  been  based  primarily 
on  the  use  of  synthetic  organic  compounds  which  had  the  "advantages"  of  long 
residual  action  and  toxicity  to  a  broad  spectrum  of  target  organisms.  It  has 
now  been  shown  that  because  of  these  \/ery  characteristics  many  of  these 
pesticides  are  more  deleterious  than  beneficial,  when  all  effects  on  man  and 
his  environment  are  considered.  Furthermore,  resistance  to  broad  spectrum 
chemical  pesticides  has  reduced  their  effectiveness  in  many  vector  control 
programs.  For  these  reasons,  the  search  for  alternative  methods  of  pest 
control  has  become  imperative,  and  it  it  generally  agreed  that  the  best 
approaches  will  consist  of  integrated  pest  management  programs  which  combine 
biological  control,  in  the  broadest  sense,  with  judicious  use  of  more  specif- 
ic chemicals  and  management  of  the  physical  environment.  This  approach  to 
vector  control  must  be  based  on  adequate  information  about  the  ecology  of  the 
target  organism,  the  environment  in  which  the  control  program  is  to  be  con- 
ducted, effects  of  control  measures  on  non-target  organisms  in  the  environ- 
ment, and  the  biology  of  the  disease  organisms  being  transmitted. 
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Research  Highlights  . 

AI  ] 0707-06  M.  S.  Fuchs  ^University  of  Notre  Dame):  This  research  has 
shown  that" Aedes  aegypti  jiivenile  hormone  Induces  the  transcription  of  dopa 
decarbos^lase  messenger  RNA  and  that  ecdysterone  is  then  responsible  for  its 
translation.  This  increased  understanding  of  how  insect  hormones  work  ulti- 
mately will  lead  to  the  rational  design  of  Inhibitors  which  could  interrupt 
the  mosquito's  reproductive  cycle. 

AI  02908-17  T.  Eisner  (Cornell  University):  Dr.  Eisner  1s  engaged  in  a 
series  of  "interesting  studies  concerned  with  the  chemical  mechanisms  whereby 
arthropods  interact  with  other  organisms  1n  their  environment.  He  has  re- 
cently isolated  a  potent  natural  Insect  repellent  from  centipedes  and  milli- 
pedes. It  is  hoped  that  these  natural  defensive  secretions  of  arthropods 
may  serve  as  a  basis  for  the  development  of  artificial  repellents  for  human 
use. 

AI  12409-03  A.  Call  (Uniyersitles  Associated  for  Research  and  Education  in 
PatTiologyT:  With   tRigoal  of~Bevel'opTng  a  program  for  schistosome  biocontrol 
which  wtTt  be  effective,  self-perpetuating  and  ecologically  sound,  Dr.  Call 
has  found  that  several  species  of  microsporldans  can  Infect  the  germ  balls 
of  trematode- cercarial  embryos  within  non-vector  snails.  Since  this  results 
in  suppression  of  cercarial  shedding,  hyperlnfectlon  of  schistosome  vectors 
with  microsporldans  has  a  good  biocontrol  potential. 

AI  08520-09  K.  J.  Lie  (University  of  California.  San  Francisco):  Dr.  Lie's 
studies  on  the  biocontrol  of  schistosomiasis  have  shown  that  the  schistosome 
vector  snails  become  sensitized  and  develop  an  acquired,  reproducible,  highly 
specific  resistance  when  infected  with  irradiated  Echinostoma  lindoense 
sporocysts.  The  development  of  a  biological  control  system  employing  inter- 
trematode  antagonism  to  reduce  snail  Infection  is  dependent  upon  an  Increased 
understanding  of  infection  and  Immunity  In  the  snail. 

(2)  Immunology  of  Parasitic  Infections 

The  complexity  of  structure  and  function  of  parasites  has  made  the  study  of 
immunology  of  these  infectious  agents  exceptionally  challenging  and  reward- 
ing. Exciting  opportunities  for  the  elucidation  of  mechanisms  and  manifesta- 
tions of  irmuno logical  responses  to  parasites  now  exist  as  the  result  of  the 
impressive  developments  in  Immunology  in  recent  years.  Major  ultimate  goals 
of  studies  on  immunology  of  parasitic  infections  are  the  development  of 
effective  vaccines  for  the  prevention  of  parasitic  diseases  (such  as  malaria, 
schistosomiasis  and  filarlasls),  the  intervention  In  the  host  response  to 
prevent  or  ameliorate  disease  processes  which  are  immunologically  mediated, 
and  the  development  or  Improvement  of  immunodi agnostic  procedures  for 
parasitic  infections,  especially  as  they  relate  to  the  Immune  status  of  the 
host. 

A  rclnted  goal  of  thcr.o  studies  Is  to  contribute  to  an  understanding  and 
boluLlori  of  basic  urid  clinical  problems  dssocluted  with  other  disease  enti- 
tles, especially  Immunological  disorders  and  hypersensitivity  states.  A 


number  of  parasitic  infections  are  excellent  models  for  such  studies  as:  (a) 
the  mechanisms  of  intracellular  immunity;  (b)  the  enhancement  or  suppression 
of  concurrent  infections  or  tumor  development;  (c)  immunopathological  mecha- 
nisms; (d)  development  of  disease  processes  in  immunosuppressed  or  Immuno- 
stimulated  hosts;  (e)  the  biochemical  and  genetic  mechanisms  for  the  develop- 
ment of  pathogen  variants  with  different  immunological  characteristics;  (f) 
the  genetic  basis  for  variations  in  host  response;  and  (g)  the  role  of  IgE 
and  other  cytotropic  antibodies  in  hypersensitivity. 

Research  Highlights 

AI  08952-08  R.  S.  Nussenzweig  (NYU  Medical  Center):  Dr.  Nussenzweig  has 
demonstrated  that  T-cell  depletion  greatly  reduced  the  level  of  sporozoite- 
induced  resistance  to  rodent  malaria.  The  addition  of  syngeneic  thymocytes 
fully  restored  the  capacity  to  develop  protective  resistance. 

AI  04717-17  J.  S.  Remington  (Palo  Alto  Medical  Research  Foundation):  A  num- 
ber  of  projects  on  Toxoplasma  gondii  involving  Intracellular  parasitism  and 
resistance  to  Infection  are  in  progress.  Suppression  of  the  humoral  immune 
response  and  induction  of  a  state  of  tolerance  to  T.  gondii  was  achieved  In 
adult  mice  by  injection  of  specific  antibody.  The  role  of  complement  was 
examined;  mice  deficient  in  C5  were  more  resistant  to  Toxoplasma  infection. 
In  vitro  techniques  for  cell-mediated  Immunity  (CMI)  to  Toxoplasma  gondii  in 
man  were  developed  (lymphocyte  transformation  and  macrophage  migration)  and 
showed  a  reversible  suppression  of  specific  lymphocyte  recognition  of  Toxo- 


plasma antigens  during  acute  acquired  human  toxoplasmosis.  In  animal  studies 
CMl  was  shown  to  be  more  important  in  resistance  to  Toxoplasma  than  humoral 
antibodies;  macrophages  which  became  activated  by  lymphokines  released  from 


the  interaction  of  T  lymphocytes  with  Toxoplasma  antigen  were  efficient  in 
killing  intracellular  Toxoplasma  organisms. 

AI  10627-07  D.Despommier  (Columbia  University):  Several  aspects  of  the 
immunobiology  of  Trichinella  spiralis  infection  are  being  studied:  (1)  the 
Immune  mechanism  of  host  protection,  (2)  development  of  an  in  vitro  assay  for 
functional  antigens  and  (3)  the  intracellular  phase  of  the  Infection.  It  has 
been  found  that  itimunlty  to  T.  spiralis  in  the  rat  is  mediated  by  a  dividing 
B  cell;  this  cell  promotes  eTimi nation  of  the  adult  from  the  gut,  but  may 
also  play  a  role  in  reducing  adult  worm  fecundity.  Adult  worm  fecundity  is 
measurable  by  an  in  vitro  maintenance  system  which  can  be  used  as  a  bioassay 
for  functional  antTgens. 

AI  08163-11  K.  S.  Warren  (Case  Western  Reserve  University):  Soluble  egg 
antigens  (SEA)  were  obtained  from  live  schistosome  eggs  by  mechanical  grind- 
ing and  ultracentrifugation.  Dr.  Warren  determined  that  the  purified  antigen 
material,  designated  MSA,  is  a  glycoprotein,  intermediate  in  size  between  IgG 
and  albumin.  He  also  showed  that  MSA  is  not  only  physicochemically  but  also 
immunochemical ly  homogeneous,  giving  a  single  line  on  Ouchterlony  immuno- 
diffusion analysis  with  chronic  infection  serum.  MSA  is  stage  specific  for 
the  egg  and  is  highly  species  specific.  Because  of  the  strong  stage  and 
species  specificity  of  MSA,  it  was  evaluated  for  serodiagnosis  using  the 
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radioimmunoassay  procedure.  This  procedure  was  more  specific  and  more  sensi- 
tive than  any  of  the  previously  available  tests.  Purification  and  character- 
ization of  such  antigens  is  also  important  because  their  use  has  clarified 
our  understanding  of  the  pathogenesis  of  the  disease  at  the  molecular  level. 

(3)  Selected  Highlights  From  Other  Grants 

AI  08022-11  E.  Bueding  (Johns  Hopkins  University):  Dr.  Bueding  and  his 
sUff  have  "been  testing  a  potentiiariy  useful  anti  schistosomal  compound,  4- 
isothiocyano-4-nitrodiphenylamine  (CGP4540).  He  has  found  that  this  compound 
is  effective  after  a  single  dose  for  all  species  and  strains  of  schistosomes 
tested,  Including  an  hycanthone-resistant  strain;  it  has  failed  to  exhibit 
any  detectable  mutagenic  activity. 

AI  08989-08  M.  Trager  (Rockefeller  University):  A  major  advance  in  malaria 
research  ha?~been  Dr.  Trager's  development  of  techniques  by  which  Plasmodium 
falciparum  can  now  be  grown  in  continuous  culture  in  human  erythrocytes. 
Morphological  studies  of  erythrocytic  stages  grown  in  culture  for  at  least 
60  days  have  shown  that  the  structure  of  the  in  vitro  parasites  is  normal. 
Rings,  which  often  lie  just  under  the  erythrocyte  surface,  have  small  nuclei 
and  tiny  food  vacuoles  marked  by  single  hemozoin  crystals.  Trophozoites  feed 
via  a  cytostome,  of  which  more  than  one  may  be  present  in  a  cell.  Food 
vacuoles  are  large,  limited  by  a  single  membrane,  and  contain  numerous  hemo- 
zoin crystals.  Knobs  on  the  erythrocyte  membrane  first  appear  at  the  tropho- 
zoite stage.  This  timing  correlates  with  the  sequestration  from  the  peri- 
pheral circulation  of  this  stage  and  later  ones  in  vivo. 

AI  10512-07  H.  J.  Saz  (University  of  Notre  Dame);  Dr.  Saz  is  currently 
working  on  a"  variety  of  projects  with  the  general  objective  of  understanding 
the  basic  metabolism  of  filarial  parasites  so  that  a  rational  approach  to 
chemotherapy  may  be  possible  ultimately.  Working  with  three  different  genera, 
he  has  found  that  adult  worms  differ  both  from  each  other  and  from  their  own 
larvaT  forms  in  many  aspects  of  metabolism  -  aerobic  requirements,  complete- 
ness of  glucose  breakdown,  etc.  Since  many  anthelmintics  act  by  a  direct 
effect  on  neuromuscular  transmission,  he  has  begun  a  study  of  the  electro- 
physiology  and  neuropharmacology  of  fllarids.  In  addition,  he  has  shown  that 
the  antlschistosomal  compound  CGP4540  also  has  inhibitory  action  against 
filariae, 

(4)  Contracts 

The  Branch  supports  two  supply  contracts  to  provide  investigators  throughout 
the  United  States  with  animals  and  vectors  infected  with  various  species  of 
both  schistosomes  and  filarids.  These  contracts  supply  investigators  who 
would  not  otherwise  be  able  to  obtain  or  maintain  parasite  cycles  but  whose 
disciplines  (immunology,  pharmacology,  biochemistry,  etc.)  must  be  focused  on 
the  complex  problems  surrounding  overall  control  of  these  important  diseases. 
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Two  smaller  contracts  involve  development  of  techniques  for  cryopreservation 
of  filarial  material.  Such  techniques  are  essential  in  the  shipment  of  sam- 
ples of  human  filarial  parasites  from  field  collection  sites  to  base  labora- 
tories, particularly  those  in  the  United  States. 
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Appendix  to  Parasitology  Section 
of  MMPB  Branch  Report,  1977 

Relationship  of  NIAID  grants  to  the 
WHO/TDR  Program 

Tropical  diseases  affect  over  half  a  billion  people  in  the  world  today. 
Aside  from  the  direct  effects  on  the  health  of  the  people  themselves,  these 
diseases  constitute  a  major  obstacle  to  the  development  of  many  countries. 
Expansion  of  knowledge  in  the  biomedical  sciences  is  only  now  beginning  to 
be  translated  to  tropical  disease  research.  In  fact,  some  parasitic  diseases 
iiave  become  more  of  a  problem  than  they  previously  were  for  several  reasons: 
(1)  parasites  have  become  resistant  to  drugs,  (2)  vectors  have  become  re- 
sistant to  insecticides,  (3)  agricultural  development  has  often  helped  create 
conditions  conducive  to  the  spread  of  diseases  and  (4)  costs  of  massive  con- 
trol efforts  have  escalated.  Because  of  these  problems,  the  World  Health 
Organization  has  recently  focussed  Its  attention  on  tropical  disease  research 
and  has  suggested  that  there  needs  to  be  more  research  in  which  the  basic 
biology  of  the  parasite  becomes  the  primary  target.  They  have  taken  aim  at 
6  tropical  diseases ^  5  of  which  are  parasitic  diseases  in  the  "classical 
sense". 

The  way  in  which  the  NIAID  research  program  in  parasitology  complements 
and  supplements  the  stated  objectives  of  the  WHO  Tropical  Diseases  Research 
program  can  be  seen  in  the  following  summary: 


Research  Objectives  of 
the  WHO/TDR  Program 

MALARIA 

1 .  Basic  Research 

Membrane  Studies 
Parasite  Biochemistry 

2.  Chemo therapeutic  Research 

Improvement  of  existing  drugs 
Development  of  new  drugs 

3.  Inmunology 

Antigen  Isolation,  purifi- 
cation 

Studies  of  refractoriness 

Investigation  of  projective 
immunity 

Studies  of  cross  immunity 
with  other  protozoa 


NIAID  Grants 

Total  of  18  Grants  -  $766.873 

n  grants  on  membrane  studies,  parasite 
biochemistry,  and  the  host-parasite 
relationship 

2  grants  on  the  effects  of  drugs  on 
murine  malaria 


4  grants  on  agglutinins,  immunosup- 
pression, vaccination  with  irradiated 
sporozoites  and  "non-sterilizing" 
immunity 

1  grant  on  reptilian  malaria 


SCHISTOSOMIASIS 


Total  of  26  Grants  -  $1.397.580 


1.  Drug  Development  &  Screening 

Physiology,  Biochemistry  & 
Pharmacology 

Structural  modification 

Industrial  screening 

Testing  for  mutagenesis,  carci- 
nogenesis &  teratogenesis 

Establish  testing  units  -  primate 
and  human 

2.  Epidemiology  &  Snail  Biology 

Molluscicides 
Mathematical  models  of 
transmission 

3.  Epidemiology  &  Snail  Biology 

Delivery  of  mass  chemotherapy 
Improve  diagnosis 


3  grants  on  new  drugs,  antimetabolite 
targets  &  molecular  mode  of  action 


4.  Socioeconomic  Effects 

5.  Immunology  immunopathology. 

immunocRagnosis,  immunity 
&  vaccines 


6.  Basic  Biological  Studies 

Culture,  Biochemical  character- 
ization. Anatomical  studies, 
improved  animal  models 


FILARIASIS 

1.  Chemotherapy 


5  grants  on  the  cell  biology  of  the 
snail  and  various  aspects  of  biocon- 
trol 


None 

12  grants  on  lymphocyte  interaction, 
antigen  isolation  and  analysis  im- 
munity mechanisms,  granuloma  formation 
&  immunopathogenesis 

6  grants  on  vector-parasite  inter- 
action, in  vitro  cultivation 


Total  of  10  Grants  -  $433,914 
1  grant  on  metabolism  of  fllarids 


Search  for  new  drugs 

Improve  use  of  existing  drugs 

2 .     Immunology  and  Pathology 

Vdccine   Uevelupiiieiit 

Improved  diagnosis 

Prevention  of  Reactions  to  drugs 


4  grants  on  the  immunobiology  of 
animal  models  &  lymphatic  pathology 


6'+ 


3.     In  vitro  culture 


None 


4.  Animal  Models 

5.  CI  ini co-Epidemiology 

6.  Environmental  control  methods 

&  vectors 

TRYPANOSOMIASIS 

1.  Chemotherapy 

Screening  of  compounds 
Parasite  Biochemistry 

2.  Pathology 


3.  Immunology 

Structural  analysis  of  variant 

antigens 
Studies  of  variation  in  in  vitro 

culture 
Analysis  of  Antigens  of  the 

metacyclic  form 

4.  Epidemiology 

Vector  control  trials 
Evaluation  of  diagnostic  tests 

LEISHMANIASIS 

1 .     Bi^cjiemijtry  OaAopPM. 


2.  Diagnosis 

3.  Irmunity 

4.  Vectors  &  Animal   Reservoirs 

5.  Chemotherapy 


1  grant  on  the  development  of  Improved 
animal  models 

None 

3  grants  on  genetic  control  of  vectors 


Total  of  15  Grants  -  $567.835 

7  grants  on  various  aspects  of  try- 
panosome  metabolism  and  the  function 
of  DNA  in  transformation 


3  grants  on  basic  studies  of  patho- 
genicity 

4  grants  on  exoantigens,  the  effect 
of  suppressor  T  cells,  iiranunocytotoxic 
responses  and  mechanisms  of  irrenunlty 


1  grant  on  vector  metabolism  with  the 
aim  of  control 


Total  of  6  Grants  -  $220,848 

3  grants  on  host-parasite  membrane 
iiiterdctions,  metabolism  &  transfonna- 
tlon 

None 

3  grants  on  protective  immunity  & 
other  irranunological  aspects  of  leish- 
maniasis 

None 

None 
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DEVELOPMENT  AND  APPLICATIONS  BRANCH 


The  primary  objective  of  the  Development  and  Applications  Branch  is  the  trans- 
lation of  new  information  derived  from  basic  research  into  methodologies 
appropriate  for  the  control  or  prevention  of  infectious  diseases  in  humans. 
The  Branch  is  also  involved  in  the  support  of  basic  research  in  selected  in- 
fectious disease  areas  designated  as  high  priority  by  the  Institute.  Funda- 
mental and  applied  research  activities  include:  identification  of  important 
infectious  disease  problems  with  potential  for  control  or  prevention  through 
immunization,  the  use  of  antiviral  substances  or  hyper-immunfi  sera;  develop- 
ment of  appropriate  vaccines,  antivirals  and  other  control  measures;  design 
and  support  of  appropriate  clinical  trials  for  evaluation  of  control  measures 
and  basic  research  in  related  areas. 


Approximate  Level  of  Support 


Activity 

Number 

Amount 

Vaccine  Evaluation  Centers 

Research  Contracts 

5 

$  1,494,348 

Influenza 

Research  Contracts 
Research  Grants 

10 
1 

2,160,416 
64,000 

Respiratory  Diseases 

Research  Contracts 
Interinstitute  Agreement 

4 

1 

240,217 
16,000 

Hepatitis 

Research  Contracts 
Interagency  Agreements 

11 
2 

1,333,674 
124,927 

Antiviral  Substances 

Research  Contracts 

17 

2,171,958 

Bacterial  Vaccines 

Research  Contracts 

22 

1,364,885 
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Approximate  Level  of  Suppprt  (cont. 


Activity 

Number 

Amount 

Enteric  Diseases 

, 

Research  Contracts 
Research  Grants 

9 
22 

$  1,113,153 
866,370 

BRANCH 

Research  Contracts 
Research  Grants 
Interinstitute  Agreement 
Interagency  Agreements 

78 
23 

1 
_2 

9,878,651* 
930,370** 

16,000 
124,927 

Total 

104 

$10,949,948 

*  $1,289,130  of  NIIP  funds 
**    64,000  of  NIIP  funds 


Program  Summary 

With  the  recent  reorganization,  in  addition  to  assuming  responsibilities  for 
grants  associated  with  the  various  Branch  programs,  the  DAB  (formerly  the  IDS) 
has  established  the  Enteric  Disease  Program.  This  is  an  expansion  of  the 
Cholera  Program  (formerly  a  component  of  GMB).  It  is  intended  that  all 
studies  on  vomiting  and  diarrheal  diseases,  whether  of  bacterial  or  viral 
etiology,  be  placed  in  the  Enteric  Diseases  Program.  As  part  of  this  expan- 
sion. Enteric  Disease  Centers  are  in  the  process  of  being  established. 

There  have  been  several  noteworthy  advances  in  the  DAB  Program  during  the 
last  15  months.  One  of  the  iTiost  impressive  has  been  the  demonstrated  poten- 
tial of  antivirals  against  established  disease.  Interferon  has  been  shown 
to  be  effective  in  eradication  of  the  active  chronic  carrier  state  in  hepa- 
titis, and  adenine  arabinoside  has  been  shown  effectve  in  reducing  the  mor- 
tality due  to  herpes  encephalitis  from  70%  to  28%.  Both  of  these  areas,  as 
well  as  other  approaches  to  clinical  usefulness  of  antivirals,  will  be  pur- 
sued. 

The  Influenza  Program  has  been  considerably  expanded  as  a  result  of  the 
National  Influenza  Immuni/.ition  Program  and  continues  to  he  an  area  of  inten- 
sive research.  A  great  deal  of  information  was  acquired  during  the  past  year 
on  influenza  vaccines,  particularly  in  immunological  virgins,  which  will  be 
of  great  value  during  the  next  pandemic.  Studies  on  attenuated  candidate 
vaccines  as  well  as  licensed  inactivated  vaccines  are  yielding  useful  data, 
particularly  in  pediatric  populations. 

The  Hepatitis  Program  has  developed  a  vaccine  against  hepatitis  B  which  is 
effective  in  chimpanzees  and  is  preparing  to  evaluate  this  vaccine  in  humans. 
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The  Bacterial  Diseases  Program  1s  continuing  in  Its  efforts  to  develop  a 
multivalent  meningitis  vaccine  and  completing  its  work  with  the  pneumococcal 
pneumonia  vaccine.  Studies  with  pneumococcal  vaccine  are  continuing  to  eval- 
uate its  role  against  otitis  media  and  pneumococcal  disease  in  splenectomized 
and  sickle  cell  disease  patients. 

An  important  component  of  the  Development  and  Applications  Branch  is  the 
Vaccine  Evaluation  Centers.  It  is  through  this  mechanism  that  the  specific 
programs  are  able  to  test  the  various  bacterial  and  viral  vaccines  under 
development.  They  have  thus  become  integral  parts  of  each  of  the  programs 
and  have  been  presented  as  such  in  this  report.  These  Centers  are  also 
involved  in  studies  on  the  pathogenesis  and  epidemiology  of  the  diseases 
identified  as  high  priority.  There  are  currently  five'such  centers:  D.  C. 
Children's  Hospital  and  Vanderbilt  University  are  primarily  pediatric  centers; 
the  University  of  Colorado  Medical  Center  has  all  ages,  but  contains  an  excel- 
lent population  for  studies  in  chronic  respiratory  disease  patients;  the  Uni- 
versity of  Rochester  and  Baylor  College  of  Medicine  have  all  ages  and  have 
the  ability  to  do  studies  in  both  closed  and  open  populations.  Vaccine  can- 
didates currently  under  study  include  influenza,  parainfluenza,  respiratory 
syncytial,  adenovirus,  mycoplasma,  meningococci  and  H.  influenzae  b.  Some 
of  these  centers  are  also  evaluating  antivirals  and  performing  limited  epi- 
demiology associated  with  vaccine  evaluation. 

Research  Highlights 

1 .  Influenza 

Influenza  remains  the  most  important,  viral,  upper-respiratory  disease  of  man. 
The  long-range  goal  of  the  DAB  is  to  develop  the  methodology  required  to  pre- 
vent or  reduce  the  impact  of  this  disease  on  the  population  of  the  United 
States.  This  is  a  difficult  task  for  two  reasons.  First,  the  influenza 
virus  differs  from  all  other  viruses  which  affect  man  in  that  it  is  contin- 
uously changing  its  antigenic  coat.  This  occurs  through  mutation  and  genetic 
reassortment.  Second,  influenza,  the  disease,  characteristically  has  a  very 
short  incubation  period  and  high  attack  rate.  These  factors  continue  to 
produce  epidemics  and  pandemics  noted  for  their  comprehensive  and  explosive 
nature. 

To  develop  the  methods  which  will  be  required  to  control  this  disease  and  its 
effects,  the  DAB  is  engaged  in  the  support  of  studies  which  will  increase  our 
understanding  of  the  pathogenesis,  immunology,  epidemiology,  and  basic  prop- 
erties of  these  viruses.  The  research  efforts  are  closely  coordinated  with 
other  agencies  of  the  Government  (BoB,  CDC,  U.S.  Army  and  with  the  intramural 
program  of  the  NIAID). 

A.  Vaccine  Research  and  Development:  This  last  year  has  been  one  of  the 
most  important  in  the  history  of  Influenza  immunization  of  children.  For  the 
first  time  inactivated  influenza  vaccines  (A/NJ,  A/Victoria,  B/Hong  Kong)  were 
evaluated  prospectively  for  reactogenicity  and  immunogenicity  in  a  large  clin- 
ical trial.  The  results  of  this  trial  demonstrated  the  feasibility  of  immu- 
nizing young  children  with  inactivated  Influenza  vaccines.  These  studies  were 
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performed  by  Vanderbilt  University  and  several  collaborating  institutions. 
Clinical  studies  with  a  subunit  vaccine  (HANA  flu)  prepared  under  contract 
by  St.  Jude  Children's  Research  Hospital  have  continued.  This  vaccine,  con- 
taining the  surface  proteins  of  the  virus,  is  as  immunogenic  in  antigenically 
primed  individuals  as  other  vaccines  and  is  not  reactogenic.  Studies  to  eval- 
uate this  vaccine  in  unprimed  individuals  are  planned  for  next  year.  Three 
DAB  contractors  (Baylor,  Vanderbilt  and  Rochester)  have  also  evaluated  atten- 
uated influenza  vaccine  candidates.  The  vaccines  tested  included  several 
temperature-sensitive  (ts)  recombinants  developed  by  NIAID  intramural  scien- 
tists and  a  cold-adapted  (CA)  vaccine  candidate.  Results  of  clinical  trials 
in  adult  volunteers  indicate  that  the  level  of  attenuation  of  these  vaccines 
cannot  be  reliably  predicted  as  yet.  During  the  next  year  studies  will  be 
undertaken  by  the  CDC  in  Atlanta,  Georgia,  under  an  interagency  agreement, 
to  analyze  the  physicochemical  properties  of  CA  mutants;  these  analyses 
should  provide  insight  into  the  requirements  for  attenuation  of  CA  recombi- 
nants. This  last  year  also  saw  the  culmination  of  an  efficacy  study  performed 
in  children  who  had  been  given  an  A/Hong  Kong  attenuated  vaccine  several  years 
ago.  These  children  exhibited  a  marked  degree  of  protection  during  an  A/ 
Victoria/75  epidemic,  indicating  that  other  H3N2  vaccines  may  protect  against 
subsequent  natural  challenge  by  related  H3N2  viruses. 

B.  Immunology:  The  immunologic  response  to  inactivated  and  attenuated  influ- 
enza vaccines  was  extensively  studied  by  several  investigators.  These  studies 
have  provided  the  first  important  information  on  the  immunogenicity  of  influ- 
enza vaccines  in  children.  In  addition,  the  response  of  volunteers  to  atten- 
uated influenza  vaccines  was  studied  by  analyzing  serum  and  secretory  anti- 
body levels  and  their  importance  in  protection  from  natural  challenge.  These 
studies  are  being  done  in  parellel  with  investigations  on  the  immune  response 
following  natural  exposure  to  influenza.  One  contractor  (St.  Jude  Children's 
Research  Hospital)  has  provided  purified  viral  proteins  which  have  been  used 
by  intramural  scientists  and  other  contractors  (Baylor,  Vanderbilt)  to  further 
investigate  the  immune  priming  effect  by  utilizing  the  enzyme-linked  immuno- 
specific  assay  (ELISA)  technique.  This  technique  was  recently  adapted  for 
influenza  antigens  and  has  provided  some  interesting  preliminary  data  on  the 
response  of  immunologicdlly  inexperienced  individuals  to  influenza  antigens. 
One  area  which  will  be  considered  in  the  coming  year  is  the  use  of  adjuvants 
to  increase  the  immune  response. 

C.  Pathogenesis:  Studies  on  the  pathogenesis  of  influenza  disease  have 
increased  in  the  last  year.  One  factor  contributing  to  this  increase  is  the 
availability  of  purified  influenza  viral  proteins  through  the  St.  Jude  Chil- 
dren's Research  Hospital  contract.  These  proteins  have  been  used  by  intra- 
mural scientists  and  other  contractors  to  explore  the  role  of  the  cellular 
immune  system  in  the  cytopathology  associated  with  influenza  disease.  These 
investigations  suggest  that  the  viral  M  protein  may  be  a  key  element  in  the 
cytopathology  observed  in  influenza  infections.  These  studies  are  being  done 
in  the  mouse  model  of  influenza  (Baylor)  and  with  human  lymphocytes  and  plasma 
cells  in  vitro.  Invostiqators  at  the  University  of  Rochester  had  observed 
earlier  that  uncomplicated  influenza  infections  produce  changes  in  pulmonary 
function.  Moreover,  they  havo  observed  that  aerosolized  amantadine  improves 
the  pulmonary  function  of  these  patients.   It  Is  likely  ttut  aerosolized 
amantadine  may  be  of  value  in  the  treatment  of  influenza  pneumonia.  The 
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Influenza  Research  Center  continues  to  investigate  the  development  of  cellular 
and  humoral  defense  mechanisms  in  the  tracheobronchial  tree. 

D.  Epidemiology:  As  with  other  efforts  regarding  influenza,  activities  re- 
lated to  the  epidemiology  of  this  disease  increased  during  last  year's  National 
Influenza  Immunization  Program.  The  NIAID  Influenza  Surveillance  Network, 
coordinated  through  the  University  of  Colorado,  completed  its  first  year  of 
operation  with  remarkable  success.  The  network,  consisting  of  eleven  labora- 
tories, was  the  first  to  identify  the  widespread  influenza  B  epidemic  which 
occurred  this  winter.  In  addition,  investigations  into  the  epidemiology  of 
influenza  virus  in  feral  and  domestic  animals  also  increased.  These  activ- 
ities constitute  the  most  effective  advance  warning  system  within  the  country 
at  this  time.  It  is  hoped  that  these  studies  will  help  unravel  the  unanswered 
questions  relating  to  the  emergence  of  new  strains.  A  large  collaborative 
study  with  the  U.S.  Department  of  Agriculture  on  the  incidence  of  influenza 
in  commercial  hog  herds  and  turkey  flocks  has  been  started.  This  study  should 
give  the  first  indication  of  the  economic  importance  of  this  disease  to  these 
industries.  More  importantly,  the  study  should  provide  data  on  the  trans- 
mission of  these  viruses  to  humans.  Epidemiologic  studies  of  influenza  in 
man  are  essential  to  obtain  meaningful  estimates  of  vaccine  efficacy.  The 
Influenza  Research  Center  in  Houston  has  now  had  the  opportunity  to  monitor 
two  large  epidemics;  one  was  due  to  A/Victoria/3/75  and  the  second  due  to 
B/Hong  Kong/72-1  ike  virus.  A/Port  Chalmers/74  virus  caused  a  smaller  epidemic 
which  was  not  accurately  reflected  by  the  traditional  parameters  used  to 
measure  these  events,  such  as  school  and  industrial  observations.  The  Influ- 
enza Research  Center  has  demonstrated  the  value  of  a  prospective  influenza 
virus  isolation  program;  they  have  detected  early  isolates  which  may  herald 
the  nature  of  the  strains  producing  disease  during  the  next  season. 

2.  Respiratory  Disease 

A.  Parainfluenza  Viruses:  Parainfluenza  virus  type  3  is  one  of  the  principal 
causes  of  severe  lower  respiratory  tract  disease  among  infants  and  children. 
The  need  for  an  effective  vaccine  to  reduce  the  morbidity  and  economic  toll  of 
this  pediatric  illness  remains  apparent.  In  the  past  year  Vanderbilt  Univer- 
sity tested  an  attenuated  parainfluenza  type  3  vaccine  developed  by  Merrell- 
National . 

This  "mid-passage"  vaccine  was  derived  by  75  laboratory  passages,  monkey  kidney 
and  egg,  prior  to  vaccine  preparation.  This  vaccine  was  previously  shown  to 
be  attenuated  in  adults  and  older  children.  The  initial  trials  at  Vanderbilt 
were  done  in  seropositive  children  two  years  of  age  or  older.  Subsequently, 
extensive  virus  shedding  was  observed  1n  seven  of  nine  seronegative  children; 
mild  clinical  illness  was  recognized  as  occurring  in  association  with  shedding. 
No  transmission  to  controls  was  observed.   * 

As  might  be  expected  the  vaccine  proved  to  be  quite  antigenic,  but  the  lack  of 
sufficient  attenuation  of  such  a  high  passaged  vaccine  discourages  use  of  the 
simple  high  titer  multiple  passage  technique  to  derive  respiratory  viral  vaccine 
candidates.  This  experience  with  parainfluenza  3  in  young  seronegative  children, 
which  differed  from  results  in  older  children,  amplifies  the  need  to  evaluate 
vaccine  candidates  in  this  age  group  under  carefully  controlled  conditions. 

Efforts  are  being  made  at  Rutgers  University  to  develop  temperature  sensi- 
tive (ts)  mutants  of  parainfluenza  virusBM  1,  2,  3  as  potential  vaccine 


candidates.  Parainfluenza  type  3  virus  was  successfully  used  to  derive  multi- 
step  mutants  that  differed  from  wild-type  virus  for  the  following  properties: 
(a)  thermostability  of  infectivity  at  50C,  (b)  efficient  plaque  formation  at 
27C,  (c)  plaque  morphology  on  BS-Cl  and  HEp-2  cells,  and  (d)  growth  restric- 
tion at  39C.  A  number  of  mutants  have  been  derived  and  will  be  tested  in 
hamsters  for  attenuation  and  immunogenicity.  It  is  hoped  that  one  or  more 
of  these  mutants  will  be  suitable  for  phase  1  experiments  in  humans. 

B.  Respiratory  Syncytial  Virus;  In  the  absence  of  a  candidate  RS  virus  vac- 
cine  last  year,  several"  of  the  vaccine  evaluation  centers  conducted  studies 
of  naturally  occurring  RSV  infections.  Such  studies  may  lead  to  alternative 
methods  of  control,  such  as  antiviral  chemotherapy  or  improved  nosocomial 
isolation  procedures. 

Investigators  at  Rochester  University  recorded  the  frequency  and  significance 
of  nosocomially  acquired  RSV  on  an  infant's  ward  during  a  community  outbreak 
of  RSV  infection.  The  study  showed  that  during  a  two  month  period  of  time, 
14  of  44  contact  infants  acquired  RSV.  All  were  ill  and  four  had  pneumonia. 
Ten  of  24  staff  also  acquired  RSV  and  appeared  to  play  a  major  role  in  trans- 
mitting RSV.  This  study  demonstrated  that  nosocomial  RSV  poses  a  significant 
risk  to  hospitalized  children  and  significantly  adds  to  hospital  costs. 

Recurrent  RSV  infections  are  common,  and  the  lack  of  natural  immunity  may 
limit  vaccine  efficacy.  The  University  of  Colorado  has  been  investigating 
the  role  of  local  antibody  to  RSV  in  secretions  from  young  infants  with  RSV 
infections.  In  infants  under  six  months  of  age,  secretory  IgA  antibody  to 
RSV  commonly  appears  during  or  shortly  after  infection.  This  antibody  is, 
however,  usually  non-neutralizing.  Conversely,  secretory  neutralizing  activ- 
ity does  not  appear  to  be  IgA  antibody.  The  non-functional  nature  of  this 
antibody  may  be  related  to  the  relative  lack  of  post-infection  immunity  in 
children. 

A  number  of  animal  species  are  being  studied  by  intramural  scientists  and  DAB 
contractors.  The  objective  is  an  animal  model  that  mimics  the  disease  in 
humans  so  as  to  investigate  the  paradoxical  effects  following  immunization 
with  inactivated  vaccines,  to  evaluate  live  vaccines,  and  to  study  the  patho- 
genesis of  RSV  infections.  Contractors  at  Montana  State  University  have  been 
studying  the  calf  and  bovine  respiratory  syncytial  virus.  Unfortunately, 
disease  has  not  been  produced  in  most  calves,  and  this  does  not  appear  to  be 
a  suitable  model;  this  contract  will  be  terminated.  The  ferret,  under  study 
at  UCLA,  is  yielding  new  and  interesting  data  on  protection  from  RSV  infection. 
No  amount  of  adult  ferret  serum  containing  RSV  neutralizing  antibody  given 
parentally  will  protect  infant  ferrets  from  RSV  replication,  but  some  infants 
are  protected  by  oral  administration  of  immune  serum.  Bovine  RSV  hyperimmune 
colostrum  appears  to  increase  pulmonary  RSV  titers  and  duration  of  virus 
shedding  in  infant  ferrets.  Pfizer  lot  100  RSV  vaccine  induces  RSV  neutraliz- 
ing antibody  in  mother  ferrets,  but  no  protection  of  the  infants  from  RSV 
challenqr  was  found. 
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Recently  scientists  from  LID,  NIAID,  have  reported  that  the  Cebus  monkey  1§ 
an  excellent  model  for  studying  infection  and  pathogenesis  of  wild-type  RSV 
infection.  Results  from  two  experiments  involving  20  monkeys  have  shown 
lower  respiratory  tract  disease  with  roentgenographic  evidence  of  pneumonia 
observed  1n  all  animals  inoculated  with  the  virus  preparation.  Evaluations 
of  ts  mutant  vaccines  in  the  Cebus  model  cannot  be  performed  because .of  the 
high  body  temperature  of  the  upper  respiratory  tract  of  these  animals.  How- 
ever, young  seronegative  chimpanzees  are  exquisitely  sensitive  to  RSV  infec- 
tions, and  are  the  model  of  choice  for  evaluating  live  attenuated  RSV  vaccine 
candidates.  The  nonhuman  primate  studies  hav©  been  conducttd  at  M@loy  Labo- 
ratories In  collaboration  with  Dr.  William  London,  NINCDS,  with  partial  sup- 
port by  DAB. 

C.  Adenovirus:  One  of  the  Vaccine  Evaluation  Centers  (Baylor  College  of 
Medicine)  is  exploring  the  feasibility  of  adenovirus  subunit  vaccines.  An 
assessment  of  new  lots  of  crystalline  adenovirus  5  hexon  and  fiber  vaccines 
has  been  completed  in  man  for  reactogenlcity  and  antigenicity.  The  products 
were  antigenic  and  non-reactogenic  in  adults,  and  are  now  ready  for  evaluation 
in  children. 

3.  Hepatitis 

The  goal  of  the  Hepatitis  Program  is  to  support  research  activities  leading 
to  the  control  of  hepatitis  A  and  B  infections.  Acute  viral  hepatitis  is  a 
relatively  common  illness  caused  by  at  least  two,  and  possibly  three  or 
more,  viral  agents.  Precise  data  on  morbidity,  mortality,  and  economic  bur- 
den to  the  country  are  difficult  to  assemble;  however,  as  Investigations 
continue  on  the  etiology,  epidemiology,  and  long-term  sequelae  of  viral  hep- 
atitis. It  Is  becoming  apparent  that  many  cases  have  been  misdiagnosed  or 
underreported.  Two  viruses  have  been  identified  as  the  etiologic  agents  of 
type  A  and  type  B  hepatitis.  Type  B  hepatitis,  previously  known  as  serum 
hepatitis  or  posttransfusion  hepatitis,  has  an  incubation  period  of  60-180 
days,  and  may  exhibit  an  acute  and  chronic  phase.  Type  A  hepatitis,  known 
earlier  as  Infectious  hepatitis,  has  a  shorter  incubation  period  of  20-40 
days,  and  apparently  does  not  have  a  chronic  phase. 

Because  of  its  more  serious  clinical  manifestations,  type  B  is  a  disease  of 
major  public  health  importance  in  the  United  States.  Allowing  for  under- 
reporting and  inaccurate  diagnosis,  it  can  be  estimated  that  the  occurrence 
of  hepatitis  A  In  the  U.S.  during  1973  was  210,000  to  250,000  cases.  The 
occurrence  of  hepatitis  B  was  140,000  to  180,000  cases.  Based  on  a  popula- 
tion of  208  million,  this  would  indicate  an  incidence  rate  of  76.9  cases  of 
hepatitis  B  per  100,000  population.  Estimates  of  death  from  hepatitis  B 
in  1969  ranged  from  1,500  to  3,000.  Costs  incurred  from  hospitalization, 
professional  care,  laboratory  work,  and  days  lost  from  employment  are  esti- 
mated to  exceed  $600  million  annually. 

Efforts  to  control  type  B  viral  hepatitis  by  active  immunization  were  started 
after  the  demonstration  in  1968  that  the  "Australia  antigen"  (HBsAg)  was 
associated  with  the  hepatitis  B  virion.  This  virus  marker  allowed  studies 
of  virus  structure,  epidemiology  and  infectivity  in  animal  models  --  all 
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necessary  for  the  evaluation  of  the  feasibility  of  developing  a  hepatitis  B 
vaccine.  The  NIH  played  a  key  role  in  early  hepatitis  research  through  the 
intramural  research  programs  and  grant  mechanism.  As  information  became 
available  suggesting  practical  approaches  to  the  control  of  type  B  hepatitis, 
collaborative  programs  using  the  contract  mechanism  were  started.  One 
approach  to  hepatitis  B  vaccine  is  to  purify  the  22nm  spherical  forms  of  HBsAg 
from  the  plasma  of  chronic  carriers  of  HBsAg.  Most  viral  vaccines  currently 
in  use  are  prepared  from  viruses  or  viral  antigens  cultivated  1n  vitro.  Since 
none  of  the  viral  hepatitis  agents  have  been  cultivated  in  vitro,  other  sources 
of  antigen  have  been  defined.  Patients  who  are  chronically  infected  with 
hepatitis  B  virus  provide  a  readily  available  source  of  hepatitis  B  viral 
antigen;  the  plasma  of  such  patients  contains  large  quantities  of  hepatitis  B 
surface  antigen.  The  22nm  spherical  and  filamentous  forms  of  HBsAg  are 
thought  to  consist  of  excess  viral  coat  material  that  is  synthesized  by  the 
infected  liver  cell  but  never  assembled  into  complete  virus.  These  apparently 
noninfectious  forms  of  hepatitis  B  virus  can  be  separated  from  the  presumably 
infectious  Dane  particle  by  biophysical  means  and  the  spherical  form  can  be 
highly  purified  in  large  quantities. 

Preliminary  studies  of  experimental  hepatitis  B  vaccines  prepared  from  the 
22nm  form  of  HBsAg  have  been  undertaken.  These  vaccine  preparations  were 
found  to  be  safe,  immunogenic  and  effective  in  preventing  type  B  hepatitis 
in  the  chimpanzee  (other  than  man,  the  chimpanzee  is  the  only  animal  model 
for  hepatitis  B  studies).  Encouraged  by  these  early  results,  the  NIAID  is 
actively  pursuing  further  safety  and  efficacy  studies  of  this  inactivated 
hepatitis  B  vaccine. 

Because  of  the  unusual  nature  of  the  disease  and  the  source  of  viral  antigen, 
the  NIAID' s  interest  is  developing  a  vaccine  that  is  safe,  antigenic,  and 
highly  efficacious.  Sufficient  antigen  has  been  purified  from  human  plasma 
to  prepare  approximately  14,000  doses  of  vaccine  for  each  of  the  hepatitis  B 
subtypes  prevalent  in  the  U.S.  --  adw  and  a^.  In  addition,  a  bivalent  vac- 
cine consisting  of  equal  proportions  of  the  adw  and  a^  subtypes  has  been 
prepared.  Each  vaccine  is  currently  undergoing  extensive  testing  in  chim- 
panzees. To  provide  sufficient  numbers  of  chimpanzees  for  monovalent  vaccine 
testing,  a  breeding  colony  is  jointly  supported  by  the  NIAID-BoB/FDA-CDC. 
Trials  of  the  bivalent  vaccine  are  being  conducted  at  the  Liberian  Institute 
of  Biomedical  Research,  Liberia.  At  the  present  time  approximately  100 
chimpanzees  (controls  and  vaccinees)  are  on  test.  All  data  analyzed  thus 
far  Indicate  that  the  vaccines  are  indeed  safe,  antigenic,  and  efficacious. 

The  NIAID  program  is  proceeding  on  a  step-by-step  basis.  Although  plans  for 
testinrj  the  vaccine  in  humans  are   at  a  preliminary  stage,  it  appears  that 
the  first  volunteers  will  be  from  a  semi -closed  population  not  "at  risk"  for 
hepatitis  B.  Monks  from  three  Trapplst  monasteries  have  volunteered  for  the 
first  human  trials.  Intensive  follow-up  of  the  first  vaccinees  will  establish 
the  safety  and  antigenicity  of  the  vaccine.  Only  after  conclusive  evidence 
of  vaccine  safety  has  been  established  will  the  question  of  efficacy  be 
investigated. 
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To  identify  "high  risk"  populations  for  active  immunization  trials,  the  NIAID 
is  supporting  epidemiologic  studies  in  an  institutionalized  population  and 
hemodialysis  centers.  Appropriate  efficacy  trials  can  only  be  conducted  in 
populations  that  have  a  well-defined  baseline  of  hepatitis  B  infection.  Past 
workshops  sponsored  by  the  NIAID  have  identified  these  groups  as  potential 
candidates  for  vaccine  evaluation.  While  this  vaccine  approach  is  being  taken, 
it  is  recognized  that  a  major  gap  in  hepatitis  research  is  the  inability  to 
propagate  either  of  the  viral  agents  in  vitro.  A  contract  with  the  W.  Alton 
Jones  Cell  Science  Center  has  been  awarded  to  isolate  and  establish  well 
characterized  human  and  chimpanzee  hepatocyte  cell  strains  to  be  used  as  sub- 
strates for  viral  propagation  studies. 

The  NIH  effort  in  the  study  of  viral  hepatitis  is  widely  recognized  for  its 
leadership  and  innovative  research.  The  goal  of  the  NIH,  and  the  NIAID  in 
particular,  is  not  to  manufacture  a  hepatitis  B  vaccine,  but  to  demonstrate 
that  a  vaccine  is  feasible  and  can  be  administered  with  full  confidence  in 
its  lack  of  side  effects  or  adverse  reactions,  and  its  ultimate  efficacy. 
The  research  road  to  this  goal  encompasses  many  scientific  disciplines  and 
support  of  numerous  studies.  These  efforts  have  resulted  from  a  successful 
blend  of  contract,  grant,  and  intramural  research  activities. 

4.  Antiviral  Substances 

An  important  public  health  problem  is  the  prevention  and  treatment  of  viral 
infections  in  man.  When  appropriate  vaccines  are  available  and  administered, 
specific  viral  infections  can  be  dramatically  controlled,  as  has  occurred  with 
smallpox  and  rubella  infections.  However,  there  are  many  viral  diseases  for 
which  vaccine  prevention  is  not  available  and  where  the  only  available  pro- 
phylactic treatment  is  the  use  of  gamma  globulin  or  immune  plasma.  Antiviral 
agents  offer  an  alternative  method  for  preventing  and  treating  these  viral 
diseases. 

The  plans  for  the  Antiviral  Substances  Program  began  in  July,  1969,  when  a 
thorough  review  of  the  field  was  conducted,  and  it  was  apparent  that  the 
techniques  were  available  to  initiate  studies  with  antivirals.  At  this  time 
interferon  represented  the  best  hope  for  the  development  of  a  broad  spectrum 
antiviral  agent,  and  during  the  beginning  of  the  program,  emphasis  was  placed 
on  the  development  of  Interferon  inducers.  Recent  clinical  trials  have  shown 
that  Interferon  holds  promise  as  a  treatment  for  a  variety  of  viral  diseases 
in  man,  including  herpes  and  varicella  infections  and  chronic  hepatitis  B. 
Exciting  studies  during  the  past  years  have  shown  that  there  are  other  chemo- 
therapeutic  agents  which  can  be  used  in  man  to  treat  viral  diseases,  such  as 
adenine  arabinoside  (ara-A)  for  treatment  of  herpes  infections.  The  Antiviral 
Substances  Program  serves  as  a  focus  for  not  only  all  activities  on  antivirals 
conducted  by  NIAID,  but  also  to  some  extent  other  Institutes  of  the  NIH. 

In  October,  1976,  the  Infectious  Disease  Advisory  Committee  r'eviewed  the  Anti- 
viral Substances  Program.  The  Committee  noted  that  the  program  had  been  very 
successful,  and  recommended  that  clinical  trials  to  determine  the  effectiveness 
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of  interferon  and  of  ara-A  should  continue  to  establish  the  efficacy  of 
these  antiviral s.  Studies  to  determine  the  efficacy  of  interferon  for 
hepatitis  B  were  of  high  priority,  including  the  evaluation  of  human  leuco- 
cyte interferon  and  human  fibroblast  interferon.  Efforts  to  produce  and 
purify  interferon,  and  to  determine  the  efficacy  of  ara-AMP  for  a  variety 
of  infectious  diseases,  including  herpes  encephalitis  and  hepatitis  B,  should 
be  initiated. 

A.  Development  of  Reagents:  Antiviral  reference  reagents  available  include 
rabbit  interferon,  mouse  interferon,  human  leucocyte  interferon,  human  fibro- 
blast interferon,  and  interferon  inducers  [polyriboinosinic  polycytidylic 
add  (poly  I -poly  C)l.  These  reagents  have  undergone  standardization 
analyses  with  unitaye  assigned  which  properly  corresponds  to  the  original 
materials  established  as  standards.  Specific  antisera  against  human  fibro- 
blast interferon,  human  leucocyte  interferon,  and  mouse  interferon  have  been 
developed  and  distributed  to  laboratories  throughout  the  world.  These  anti- 
sera  have  allowed  investigators  to  characterize  various  interferon  prepara- 
tions, and  thus  have  increased  our  understanding  of  the  biologically  active 
component  in  interferon  preparation.  Investigators  at  the  Medical  College 

of  Pennsylvania  are  utilizing  newly  developed  techniques  to  obtain  monospe- 
cific antibody.  This  study  involves  the  use  of  mutagenized  mouse  and  rabbit 
lymphocytes  to  produce  highly  specific  interferon  antibody. 

B.  Production  of  Interferon:  There  are  two  approaches  for  treating  human 
viral  diseases  with  interferon  -  the  use  of  exogenous  human  interferon  pro- 
duced in  vitro,  and  endogenous  Interferon,  produced  in  vivo  through  the  use 
of  Inducers.  For  the  use  of  exogenous  human  Interferon,  there  is  a  need  to 
develop  techniques  to  provide  more  efficient,  safe,  and  economically  feasible 
methods  to  produce  large  quantities  at  a  reasonable  cost.  The  Program  sup- 
ports efforts  to  produce  exogenous  interferon  from  fibroblast  cells  on  a 
contract  with  the  New  York  University  Medical  Center.  During  the  coming  year 
this  contract  will  develop  a  suitable  cell  line  for  producing  interferon 
which  will  be  available  to  laboratories  throughout  the  world.  The  work  at 
NYU  Medical  Center  has  also  involved  the  development  of  superinduction  tech- 
niques that  would  produce  higher  interferon  yields  and  the  development  of 
procedures  to  purify  small  quantities  of  fibroblast  interferon.  This  con- 
tract supplies  limited  quantities  of  fibroblast  interferon  to  other  contrac- 
tors for  studies  on  stabilization  and  for  antibody  production  in  mouse  and 
rabbits.  Large  scale  production  of  human  interferon  has  been  investigated 

by  another  contract  with  Lee-Mac. 

Exciting  results  from  rMni(al  studies  conducted  durinc)  the  past,  year  indicate 
that  the  age  of  interferon  Llierapy  is  quickly  approaching.  Hor  enough  inter- 
feron to  be  available  for  clinical  trials,  and  eventually  for  use  by  physicians 
at  large,  it  is  necessary  to  learn  how  to  purify  and  produce  interferon  eco- 
nomically. A  NIAID  workshop  held  in  March,  1977,  reviewed  the  field  of  inter- 
feron production  and  purification.  Technology  is  now  available  to  purify 
interferon  5000-fold  to  a  specific  activity  of  greater  than  10^  units/mg 
protein.  However,  to  obtain  pure  interferon,  it  is  estimated  that  at  least 
100-fold  additional  purification  is  required. 
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C.  Animal  Models:  A  critical  part  of  the  effort  to  develop  antivirals 
with  a  potential  for  clinical  use  has  been  the  establishment  of  a  series 
of  animal -viral  disease  models  which  closely  mimic  viral  diseases  of  man. 
This  constitutes  the  Cooperative  Antiviral  Testing  Group  of  the  ASP.  The 
models  selected  include  a  wide  range  of  animal  species  and  viruses,  Including 
nonhuman  primates.  Through  the  use  of  these  models,  comparative  in  vivo 
evaluation  of  antivirals  as  prophylactic  and/or  therapeutic  agents  is  possible. 
In  these  models,  the  route  and  dose  of  infection  have  been  chosen  to  coincide 
as  closely  as  possible  with  those  of  the  natural  infection.  The  standard 
reference  used  to  compare  vn   vivo  efficacy  of  these  compounds  is  exogenous 

and  endogenous  interferon.  When  the  compounds  are  shown  to  be  efficacious 
aand  non-toxic  in  these  systems,  they  are  considered  as  candidates  for  use  in 
h'j,\mns.     Examples  of  compounds  tested  by  this  method  and  found  to  have  clini- 
cal potential  are  ara-A  and  ara-AMP.  Animal  models  currently  in  use  in  this 
system  include  the  mouse  (NYU  and  the  University  of  Utah),  the  rabbit  (NYU), 
the  pig  (University  of  Wisconsin),  the  cat  (Cornell),  and  the  squirrel  and 
patas  monkeys  (Delta  Regional  Primate  Center,  Tulane).  More  than  a  dozen 
virus  strains.  Including  both  DNA  and  RNA  viruses,  are  utilized  with  the 
model s . 

D.  Clinical  Evaluation 

Exogenous  Human  Leucocyte  Interferon:  Exogenous  human  leucocyte  Interferon 
is  being  tested  under  contract  at  Stanford  Medical  Center  to  determine  its 
efficacy  for  herpes  and  varicella  infections  in  patients  with  malignancy. 
Initial  results  show  that  interferon  treatment  resulted  in:  (1)  prevention 
of  new  lesions  within  the  primary  dermatone;  (2)  diminished  acute  pain  in 
the  primary  dermatone;  (3)  prevention  of  distal  cutaneous  spread;  (4)  less 
visceral  involvement;  and  (5)  diminished  frequency  and  duration  of  post- 
herpetic neuralgia. 

Other  studies  by  Merigan  and  his  associates  at  Stanford  Indicate  that  inter- 
feron treatment  reduces  the  symptoms  of  hepatitis  B  and  parameters  of  infec- 
tion. During  treatment,  the  patients  are  able  to  lead  normal  lives.  Studies 
are  now  underway  to  determine  the  optimal  dose  of  Interferon  required  for 
therapy.  It  is  estimated  that  there  are  175  million  people  in  the  world  who 
are  chronic  carriers  of  hepatitis  B;  approximately  10%  of  patients  hospit- 
alized with  acute  hepatitis  B  in  the  United  States  become  chronic  carriers. 
Individuals  who  are  chronic  carriers  are  potential  foci  of  hepatitis  infec- 
tion. There  is  an  Increasing  amount  of  evidence  that  suggests  that  primary 
liver  cancer  may  be  associated  with  the  hepatitis  B  carrier  state. 

Other  projects  include  studies  to  determine  the  effectiveness  of  interferon 
for  treatment  of  recurrent  herpetic  keratitis  and  for  prevention  of  herpes 
simplex  infections  following  surgery  for  tic  douloureux.  Since  large  doses 
of  exogenous  interferon  were  shown  to  have  efficacy  against  rhinovirus  infec- 
tions, Baylor  University  scientists  seek  to  determine  more  effective  ways  to 
administer  interferon  to  the  nasal  cavity.  The  study  includes  a  search  for 
inhibitors  in  the  nasal  secretions  plus  a  study  of  the  sensitivity  of  nasal 
mucosal  cells  to  the  protective  effect  of  interferon.  Preliminary  results 
suggest  that  the  mucosal  cells  are  relatively  insensitive  to  Interferon;  to 

77 


be  clinically  effective,  interferon  must  be  applied  to  the  nasal  area  for 
extended  periods  of  time. 

Adenine  Arabinoside:  The  effectiveness  of  ara-A  against  herpes  zoster,  neo- 
natal herpes,  herpes  hominis  and  herpes  encephalitis  is  being  evaluated 
throughout  the  United  States,  with  the  University  of  Alabama  serving  as  the 
central  coordinating  unit.  In  a  random  double-blind  trial,  it  has  been 
shown  that  herpes  encephalitis  patients  treated  with  ara-A  for  ten  days 
showed  marked  improvement;  ara-A  decreased  mortality  from  70%  to  28%  in 
this  group  of  patients.  The  earlier  the  patient  was  diagnosed  and  treated, 
the  better  the  expected  outcome.  Ara-A  has  also  demonstrated  efficacy  in 
disseminated  zoster  with  significant  reductions  in  new  vesicle  formation, 
vesicle  virus  titers,  and  resolution  time  of  the  cutaneous  disease  in 
patients  treated  with  ara-A  as  compared  to  the  placebo  group. 

Adenine  Arabinoside  Monophosphate:  A  double-blind,  placebo-controlled  study 
to  test  the  efficacy  of  ara-AMP  against  herpes  labial  is  is  being  conducted 
by  contractors  at  Boston,  Miami  and  Salt  Lake  City.  A  preliminary  study  of 
the  natural  history  of  herpes  labial  is  under  these  three  contracts  has 
demonstrated  the  practicality  of  utilizing  this  form  of  herpesvirus  hominis 
(HVH)  infection  as  a  measure  of  drug  efficacy. 

5.  Bacterial  Vaccines 

A.  Pneumonia 

Pneumococcal :  Through  NIAID  contracts,  monovalent  and  polyvalent  vaccines 
of  pneumococcal  capsular  polysaccharides  have  been  developed  and  clinical 
evaluation  studies  on  these  vaccines  have  been  conducted  over  the  past  several 
years.  Most  of  this  work  has  been  done  through  a  contract  with  the  University 
of  Pennsylvania.  Via  a  subcontract  with  Pennsylvania  and  through  a  separate 
contract  with  Kaiser  Foundation  Research  Institute  in  San  Francisco,  two 
efficacy  trials  of  polyvalent  pneumococcal  vaccines  have  been  done  in  the 
U.S.   In  addition,  the  Pennsylvania  contractor  has  collaborated  in  a  trial 
(not  directly  supported  by  NIAID)  in  South  African  gold  miners,  a  young  adult 
population  at  high  risk  of  pneumococcal  disease. 

The  data  from  the  South  African  studies  are  conclusive,  and  show  good  protec- 
tion by  pneumococcal  vaccine  in  that  population.  Because  of  decrease  in  the 
expected  number  of  cases,  the  data  from  the  Kaiser  and  Dorothea  D1x  trials 
are  not  as  clear-cut;  however,  they  also  Indicate  protection  against  type 
specific  pneumonia.  Final  estimation  of  efficacy  1n  these  populations  will 
await  analysis  of  all  the  data.  Based  on  data  from  these  studies,  the  Bureau 
of  Biologies  is  expected  to  license  polyvalent  pneumococcal  vaccine  within 
the  near  future. 

Another  area  in  which  pneumococcal  vaccines  may  show  great  value  is  in  the 
prevention  of  pneumococcal  infections  in  persons  with  hyposplenic  function 
such  as  those  with  sickle  cell  disease  or  splenectomy.  These  patients  are 
at  high  risk  of  pneumococcal  infection.  The  Branch,  during  the  past  year, 
has  continued  to  collaborate  in  studies  of  pneumococcal  vaccine  in  sickle 
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cell  (and  some  Hodgkin's  disease)  patients  by  supplying  vaccine,  performing 
serologic  assays  (via  our  SUNY  contract)  and  filing  the  studies  under  our 
IND. 

Mycoplasma:  An  efficacy  trial  of  a  formalin-inactivated  Mycoplasma  pneumoniae 
vaccine  (designated  OSU-IA  and  prepared  under  a  previous  contract  with  Ohio 
State  University)  was  completed  during  this  fiscal  year.  The  trial  was  per- 
formed at  the  Parr is  Island  Marine  Corps  Recruit  Camp  under  a  contract  with 
the  University  of  Virginia.  The  data  show  that  the  vaccine  is  npnreictogenic 
and  safe  In  a  military  group  at  high  risk  of  acquiring  M.  pneumohiae  illness. 
The  vaccine  was  shown  effective  with  a  52%  reduction  in  total  pneumonias  and 
a  67%  reduction  of  M.  pneumoniae  specific  pneumonia. 

It  is  anticipated  that  completion  of  the  Parris  Island  study  will  mark  the 
end  of  the  evaluation  of  the  inactivated  M.  pneumoniae  vaccine  and  that  v«)rk 
on  this  vaccine  will  terminate. 

Under  a  contract  with  Baylor  College  of  Medicine,  studies  have  been  conducted 
to  develop  an  experimental  challenge  system  for  M.  pneumoniae  infections. 
Using  this  system,  studies  are  beginning  on  the  pathogenicity  and  immunoge- 
nicity  of  a  temperature  sensitive  mutant  of  M.  pneumoniae  vaccine  developed 
by  the  Laboratory  of  Infectious  Diseases.  The  attenuated  vaccine  will  be 
compared  with  the  parent  strain  in  humans  by  two  routes  of  administration  - 
intranasal  and  small  particle  aerosol  inoculation. 

B.  Meningitis;  It  is  estimated  that  approximately  20,000  cases  of  bacterial 
meningitis  occur  in  the  United  States  each  year.  Two  organisms  (Hemophilus 
influenzap  type  b  and  Neisseria,  meningitis)  are  primarily  responsible  for 
bacterial  meningitis  in  young  children  and  infants.  The  meningitis  vaccine 
program  is  directed  toward  the  pediatric  population  and  is  therefore  concerned 
primarily  with  these  two  causal  organisms. 

A  candidate  of  H.  influenzae  type  b  vaccine,  consisting  of  purified  polyribose 
phosphate  (PRP)  capsular  material,  was  developed  under  contract  to  Children's 
Hospital  Medical  Center  in  Boston.  The  results  to  date  show  that  children 
over  18  months  of  age  respond  well  to  the  vaccine;  however,  infants  under  this 
age  respond  poorly  or  not  at  all.  The  IH.  influenzae  PRP  vaccine  was  used  in 
the  field  trial  of  meningococcal  A  polysaccharide  vaccine  in  Finland  (described 
below),  and  data  from  that  study  show  that  the  vaccine  is  highly  effective  in 
preventing  H.  influenzae  disease  in  children  over  18  months  but  ineffective 
in  younger  children  The   Finnish  data  also  indicate  that  booster  doses  in 
the  older  children  may  improve  the  long  term  persistence  of  protective  anti- 
body levels. 

The  DAB  program  is  now  aimed  primarily  toward  the  development  of  alternate 
antigenic  preparations  which  may  be  more  immunogenic  in  infants.  Under  the 
Boston  Children's  project  (this  project  moves  to  the  University  of  Rochester 
in  July,  1977),  a  new  candidate  vaccine  has  been  developed.  This  preparation 
is  a  complex  of  PRP,  several  polypeptides,  and  lipopolysaccharide,  and  shows 
promise  in  animal  studies  of  being  immunogenic  in  infants.  They  are  also 
working  toward  development  of  a  higher  molecular  weight  polysaccharide  vaccine. 
Immunogenicity  appears  to  be  directly  related  to  molecular  weight. 
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Group  A  and  C  meningococcal  polysaccharide  vaccines  have  been  licensed  for 
use  in  adults;  however,  they  have  not  yet  been  licensed  for  routine  use  In 
younq  children  and  infants  where  most  of  the  diSfMsc  occurs.  For  this  reason, 
efforts  continue  to  be  ditcnLed  toward  vaccines  lor  l.hc  pcdl-itrit;  population. 

Work  by  a  contractor  at  the  University  of  Connecticut  has  shown  that  good 
antibody  responses  can  be  elicited  in  very  young  infants  with  meningococcal 
group  A  vaccine  using  a  two  dose  regimen.  The  response  of  infants  to  group  C 
vaccine,  however,  is  not  increased  with  boostering. 

A  new  group  C  vaccine  which  was  prepared  from  a  variant  group  C  strain  has 
been  developed  by  Rockefeller  University.  The  chemical  structure  varies 
somewhat  from  the  current  vaccine,  but  it  is  antigenically  similar.  In  clin- 
ical studies  in  adults  at  the  University  or  Rochester,  this  vaccine  appears 
to  be  superior  to  the  current  C  vaccine  in  immunogenicity.  Studies  in  chil- 
dren and  infants  are  getting  underway. 

In  1974,  a  contract  was  awarded  to  the  Central  Public  Health  Laboratory, 
Helsinki,  Finland,  to  conduct  an  efficacy  trial  of  the  group  A  meningococcal 
polysaccharide  vaccine  in  children  ages  three  months  to  six  years.  H.  Influ- 
enzae PRP  was  selected  as  a  control  vaccine  because  of  the  high  Incidence  of 
H.   influenzae  meningitis  in  Finland.  The  results  from  the  trial  show  that 
group  A  meningococcal  vaccine  was  highly  effective  in  preventing  group  A 
disease  throughout  the  entire  age  group.  As  mentioned  previously,  the  H. 
influenzae  vaccine  also  showed  effectiveness  in  the  age  group  over  18  months 
but  was  ineffective  in  the  younger  children. 

Important  data  on  the  persistence  of  antibody  have  also  been  obtained  in  the 
Finnish  study.  All  children  18  months  and  younger  received  boosters  three 
months  following  the  primary  injections.  In  the  children  at  the  upper  age 
range  of  this  group  (i.e.,  those  17-18  months  of  age),  higher  antibody  titers 
did  not  occur  following  the  booster;  however,  it  appears  that  persistence  of 
protective  levels  is  much  greater  after  two  years  than  it  Is  In  children 
19-20  months  old  who  received  only  one  Injection.  This  is  extremely  important 
information  with  regard  to  determining  the  proper  dose  and  booster  regimens, 
and  has  led  to  the  decision  to  continue  follow-up  of  these  children  for 
another  three  years  and  also  to  do  some  additional  booster  studies. 

Several  laboratories  are   working  on  protein  antigen  preparations  which  may 
serve  as  potential  candidates  for  a  group  B  meningococcal  vaccine  (the  group  B 
meningococcal  polysaccharide  is  nonantigenic  in  humans).  One  such  protein 
preparation,  from  the  outer  membrane  layer  of  the  organism,  has  been  tested 
for  safety  and  immunogenicity  in  animals  by  the  Bureau  of  Biologies.  The  DAB 
has  filed  an  IND  application  for  clinical  studies  of  this  vaccine,  and  phase  1 
safety  and  immunogenic  studies  will  begin  in  the  near  future. 

A  surveillance  study  Lo  deLermitie  the  incidence  and  responsible  causal  organ- 
Isms  of  bacterial  meningitis  in  Los  Angeles  County  was  completed  in  FY77  by 
ttto  Univorsity  ot  SoutluMii  California.   Data  on  the  incidence  of  meningitis 
by  various  agents  were  cuiiipilt'd  during  the  two  complete  years  of  surveillance, 
and  one  region  in  the  County  was  identified  in  which  the  incidence  of  H.  influ- 
enzae disease  may  be  high  enough  for  a  possible  vaccine  trial.  As  there  is 
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Group  B  streptococci  are  a  major  cause  of  neonatal  infections  and  death.  Re- 
cent research  has  indicated  the  feasibility  of  a  polysaccharide  vaccine  which 
might  be  administered  to  women  during  or  prior  to  pregnancy.  The  NIAID  has 
made  the  decision  to  award  a  contract  for  the  development  and  testing  of  a 
group  B  streptococcal  vaccine  and  proposals  are  being  reviewed.  This  contract 
activity  will  be  a  component  of  the  Bacteriology  and  Virology  Branch  beginning 
in  FY78. 


6.  Enteric  Diseases 

A.  Cholera:  This  work  is  facilitated  by  live  vibrio  challenge  studies  in 
volunteers  (University  of  Maryland).  Persons  with  prior  experience  with  _V- 
cholerae  infection  have  proven  to  be  solidly  resistant  to  rechallenge  with  the 
homologous  serotype  of  cholera.  Heterologous  challenge  study  protocols  have 
been  approved,  and  the  studies  will  be  initiated  as  soon  as  possible.  The 
mechanism  of  this  resistance  is  under  investigation  since  oral  administration 
of  various  cholera  immunogens  has  not  produced  this  solid  immunity.  Both  the 
dog  model  and  rat  model  for  cholera  are  being  used  in  these  studies  (Johns 
Hopkins  University).  Protection  has  been  incomplete  in  both  dogs  and  man 
that  have  been  given  purified  cholera  toxoid  by  parenteral  injection  followed 
by  oral  boosting.  The  levels  of  circulating  and  secretory  antitoxin  are 
higher  in  those  volunteers  with  disease  than  in  those  getting  toxoid.  The 
reason  is  unknown.  Studies  on  local  immunity  in  rats  show  that  crude  toxoid 
combined  with  either  residual  or  added  toxin  produces  longer  lasting  antitoxin 
levels  than  studies  with  purified  cholera  toxoid.  Small  amounts  of  active 
toxin  or  the  non-toxic  binding  fragment  (B)  both  enhanced  the  efficacy  of 
toxoid  as  a  local  primer,  suggesting  that  the  ability  to  bind  cell  receptors 
is  important  in  the  primary  response.  This  may  have  major  implications  on 
immunization  against  enteric  infections  in  man. 

Other  studies  of  cholera immunogen  in  prison  volunteers  have  been  equally 
productive  (University  of  Texas).  All  studies  of  safety  and  efficacy  have 
been  done  at  this  facility,  as  well  as  studies  on  the  importance  of  dosage 
interval  and  immunogenicity  as  measured  by  serological  assays  for  cholera 
antitoxin  and  vibriocidal  antibody.  Doses  of  purified  toxoid  up  to  400  meg, 
with  and  without  adjuvant,  were  well  tolerated.  This  is  four  times  the 
"standard"  dose  used  in  earlier  studies.  The  antitoxin  titers  as  determined 
by  the  passive  hemagglutination  test  indicated  a  linear  dose  response  up  to 
the  400  meg  level.  It  appears  that  400  meg  level  was  neither  the  maximum 
tolerable  dose  nor  the  optimum  dose  for  antitoxin  production.  The  studies  in 
prisoners  are   being  phased  out  due  to  the  new  regulation  on  the  use  of  prison- 
ers. Studies  on  colonization  factors  in  cholera  vibrios  are  continuing  in 
several  laboratories  [University  of  Texas  Health  Science  Center,  Dallas;  Uni- 
versity of  Texas,  Austin  (Berry),  and  University  of  Texas,  Austin  (Parker)]. 
Motility  also  appears  to  be  a  factor  in  virulence  since  the  non-motile  toxino- 
genic  organisms  fail  to  produce  disease  in  suckling  mouse  models. 

field  I'-.olate'-,  of  V.  rholerae  pntients  with  purging  diarrhea  vary  widely  In 
their  ability  to  produce  toxin  iti  vitro  (New  York  State  University,  Downstate). 
Since  it  is  reasonably  certain  that  purging  cholera  results  from  the  action 
of  cholera  enterotoxin,  it  appears  either  that  relatively  little  toxin  is 
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needed  for  pathogenesis  or  that  differences  in  toxin  production  shown  in 
vitro  are  not  a  reflection  of  what  goes  on  in  the  bowel  of  the  host. 

B.  E.   CO  1  i :  Studies  on  the  importance  of  E..  coli  enterotoxin  (ETEC)  produced 
diarrhea  in  several  communities  are  to  be  completed  later  this  year  (Univer- 
sity of  Virginia;  University  of  Kentucky).  In  these  studies,  heat  labile 
toxin  producing  E.   coli  appeared  to  be  associated  with  acute  diarrheal  disease 
among  high  risk  newborns.  In  these  newborns  Citrobacter  and  Klebsiella,  as 
well  as  E.   coli ,  were  involved,  suggesting  an  epidemic  of  LT-plasmids  rather 
than  of  the  E.   col i  strains  themselves.  The  heat  stabile  (ST)  toxin  producing 
E.   coli  was  a  common  cause  of  diarrhea  among  adults  in  Brazil.  In  other 
populations  in  the  United  States,  neither  the  LT  nor  ST  producing  E..  coli 
appeared  to  be  significantly  associated  with  sporadic  diarrhea  in  families. 

In  a  rural  location,  the  enterotoxigenic  E.   coli  isolation  rate  was  similar 
in  persons  with  and  without  diarrhea.  It  appears  that  the  role  of  ETEC  in 
diarrheas  is  highly  variable  from  community  to  community.   Work  continues 
on  attempting  to  purify  and  characterize  the  _E.  coli  enterotoxins  (Harvard 
University;  University  of  Kansas;  Wake  Forest  University).  The  coli  toxins 
retain  a  similarity  to  cholera  toxin,  but  are  much  less  active.  Evidence 
has  been  found  that  the  ability  of  the  enterotoxigenic  E_.  coli  to  colonize 
the  small  bowel  of  rabbits  depends  on  a  pilus  surface  antigen  (Johns  Hopkins 
University).  This  is  called  colonization  factor  (CF).  Anti  CF  serum  affords 
protection  in  the  rabbit  (University  of  Texas  Health  Science  Center).  More 
complete  investigation  of  the  association  of  this  factor  with  infection  and 
disease  should  provide  valuable  additions  to  our  understanding  of  the  patho- 
genicity and  epidemiology  of  E.   coli  enteropathies. 

The  U.S.  and  Japanese  Cholera  Panels  are  continuing  to  work  toward  a  unified 
serotyping  system  of  the  so-called  non-cholera  vibrios  (Jefferson  Medical 
College).  Workers  in  both  countries  have  exchanged  their  reference  type 
strains  and  proposals  for  unification  are  under  discussion.  Increasing  recog- 
nition of  diarrheas  associated  with  these  organisms  makes  it  highly  desirable 
that  a  single  system  of  serologic  classification  be  applied  throughout  the 
world.  The  collecting  of  type  strains  of  cholera  vibrios  from  all  known 
outbreaks  of  cholera  continues,  as  does  the  distribution  of  the  high  quality 
V^.  cholerae  typing  sera. 

C.  Virus:  New  techniques  developed  by  the  NIAID  for  detection  of  viral 
partTcTes  in  fecal  samples  have  opened  up  the  field  of  diarrheas  of  unknown 
etiology.  A  70  nm  rotavirus  particle  and  27  nm  coronavirus  particle  have 
been  associated  with  a  large  number  of  diarrheas,  the  cause  of  which  was 
previously  unknown.  The  Institute  is  in  the  process  of  launching  a  major 
longitudinal  epidemiological  study  of  diarrheas  in  well  defined  populations 
as  well  as  cross  sectional  studies  to  determine  the  role  of  all  known  agents 
causing  diarrhea  morbidity.  This  will  include  making  an  effort  to  identify 
the  cause  of  any  diarrheas  for  which  an  etiological  agent  is  not  readily 
identified. 
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These  studies  will  be  the  first  phase  of  a  long  term  project  to  be  carried 
out  at  Infectious  Enteric  Disease  Centers  being  established  by  the  Institute. 
After  the  epidemiology  studies  of  phase  1  are  completed,  the  studies  will 
progress  to  phase  2  on  the  pathogenesis  and  mechanisms  of  immunity  and  pro- 
tection in  preparation  for  phase  3  on  developing  practical  means  of  control. 
Contracts  for  three  Enteric  Disease  Center  will  be  awarded  by  the  end  of 
FY77. 
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REPORT  OF  THE  ACTING  DIRECTOR 
IMMUNOLOGY,  ALLERGIC  AND  IMMUNOLOGIC  DISEASES  PROGRAM,  FY  1977 

Introduction 

The  Immunology,  Allergic  and  Immunologic  Diseases  Program  (lAIDP)  was 
initiated  on  October  1,  1976,  coincident  with  the  reorganization  of  NIAID 
into  major  programs  characterized  by  professional  functions.  With  this 
change  the  lAIDP  assumed  the  responsibility  for  research,  training,  and  con- 
ference activities  that  formerly  were  assigned  to  the  Allergy  and  Iimiunology 
B'-u'ich  of  the  Extramural  Programs  and  contract  activities  in  transplantation 
immunology  previously  administered  within  the  Collaborative  Research  Branch. 

The  lAJU  Program  is  thus  primarily  concerned  with  the  immune  system  as  it 
functions  in  the  maintenance  of  health  and  as  it  is  affected  in  immunologic, 
hypersensitivity  and  allergic  diseases.  Fundamental  studies  of  immune  struc- 
ture and  function  are  of  programmatic  interest  in  our  concern  with  the  basic 
biology  of  the  immune  system  and  applied  studies  are  included  within  our 
activities  in  allergy  and  diseases  of  the  immune  response  system  and  tissue 
transplantation. 

Programmatic  activities  on  allergy  and  diseases  of  the  immune  response  system 
contain  two  essential  elements,  asthma  and  allergic  diseases  and  clinical 
immunology  and  immunopathology.  These  are  designed  for  the  direct  applica- 
tion of  newly  developed  fundamental  knowledge  to  the  diagnoses,  causes, 
characteristics,  mechanisms  of  disease,  prevention  and  treatment  of  disorders 
resulting  from  abnormalities  or  malfunctions  of  the  body's  complicated  immune 
system.  The  program  on  structure  and  function  has  two  major  components, 
immunohiology  and  iiiimiinochemistry  programs,  intended  to  provide  the  funda- 
iiipntnl  informntion  nncossnry  for  complete  understandinq  of  the  structure  and 
tuncUun  ot  Uie  iiiiiiiune  system  in  health  and  disease.  Busic  studies  in  iniiiiuno- 
genetics  that  previously  had  been  the  responsibility  of  the  Immunobiology 
Section  of  the  Allergy  and  Immunology  Branch  and  clinical  studies  related  to 
immunodeficiency  disorders  have  been  integrated  with  the  functions  of  the 
Transplantation  Immunology  Branch  in  the  development  of  a  Genetics  and  Trans- 
plantation Biology  Program. 

In  order  to  fulfill  our  mission  and  meet  the  charge  given  to  the  lAIDP,  it  is 
pertinent  that  the  definition  of  the  immune  system  is  understood.  VJe  believe 
that  it  must  be  considered  as  a  structural  and  functional  entity  within  the 
body  involved  with  host  defenses  dependent  upon  complicated  interrelation- 
ships between  cellular  and  humoral  elements.  As  such,  its  basic  components 
are   distributed  within  several  organs  and  tissue  types  linking  multiple 
physiologic  systems.  The  collective  participation  of  diverse  cellular  and 
humoral  elements  to  generate  the  immune  response  integrates  all  components 
into  a  singularly  functional  system.  Definition  of  the  immune  system,  there- 
fore, includes  a  cellular  limb  involving  lymphocytic  and  leukocytic  elements 
and  a  humoral  limb  relating  to  soluble  products  of  these  immunologically 
functional  cells  and  other  accessory  factors.  The  tissues  from  which  the 
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components  originate  and  which  they  localize  and  function  also  are  an  integral; 
part  of  the  immune  system  as  are  those  affected  by/ immune  response  processes. 
Thus,  all  aspects  of  the  structure  and  function  of  the  immune  response  system 
represent  the  lAIDP  areas  of  programmatic  interest  and  involvement  with  which  . 
we  are  concerned. 

During  FY  77  the  following  organization  of  the  lAID  Program  was  developed: 

1.  Office  of  the  Director 

Acting  Director  -  Dr.  Sheldon  G.  Cohen 

Special  Assistant  to  the  Director  -  Dr.  Dorothy  D.  Sogn 

Program  Analyst  -  George  R.  Jenkins 

2.  Allergy  and  Clinical  Immunology  Branch 

Acting  Chief  -  Dr.  Sheldon  G.  Cohen 
Program  Officer  -  Dr.  Daniel  I.  Mullally 

3.  Immunobiology  and  Immunochemistry  Branch 

Chief  -  Dr.  Bernard  W.  Janicki 

4.  Genetics  and  Transplantation  Biology  Branch 

Chief  -  Dr.  Carl  Cohen  (University  of  Illinois,  IPA  position) 

Assistant  Chief  -  Dr.  Paul  D.  Pedersen 

Each  of  the  three  lAIDP  Branches  assumes  responsibility  for  administering 
investigator  initiated  research  grants  and  collaborative  research  contract 
awards,  developing  programmatic  initiatives  and  new  projects,  serving  on 
trans-NIH  coordinating  committees  and  taking  active  roles  in  the  development 
and  conduct  of  workshops  and  conferences  in  areas  of  the  biomedical  dis- 
ciplines and  medical  specialties  with  which  they  are  concerned.  All  three 
Branches  are  also  involved  with  programs  related  to  Research  Career  Develop- 
ment Awards  and  training,  i.e.,  individual  and  institutional  fellowships; 
and  the  Allergy  and  Clinical  Immunology  Branch  administers  Allergic  Disease 
Academic  Awards  designed  to  further  the  careers  of  mid-level  investigators 
preparing  for  careers  in  academic-research  allergy.  An  innovative  feature 
during  FY  77  has  beer  the  Young  Investigator  Research  Grant  designed  to  assist 
and  encourage  investigators  in  early  stages  of  their  careers  to  develop  re- 
search interests  and  capabilities  in  clinical  aspects  of  immunology.  Addi- 
tionally, the  lAIDP  has  responsibility  for  support  and  development  of  new 
'initiatives  for  the  Research  Resources  Branch  of  the  Extramural  serum  bank 
|and  reference  preparations,  standardized  antisera,  immunologic  reagents  and 
purified  allergens. 
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lAID  Program  Funding:  Activities  included  within  the  lAIDP  received  the 
following  levels  of  support  during  FY  77. 

Type  of  Grant  Number  Amount 

Research  Grants  332  $32,170,000 

Career  Awards  (RCDA)  _48  1,553,000 

Subtotal    380  $33,723,000 

Fellowship  Awards  59  $   856,000 

Training  Programs  29  2, 008 .,000 

Subtotal    768  $36,587,000 

Contracts  _J6  $  3,121,000 

TOTAL     504  $39,708,00"0 

Special  Emphasis  Programs:  The  lAIDP  recognizes  the  need  to  encourage 
research  activities  in  special  areas  of  the  disciplines  of  allergy  and 
immunology  in  order  to  take  advantage  of  experimental  leads  and  to  develop 
delineated  clinical  areas  where  results  of  basic  science  endeavor  can  be 
translated  to  clinical  investigations.  During  FY  77  these  programs  have 
received  the  following  levels  of  support: 

Special  Emphasis  Programs     Number  Amount 

Asthma  and  Allergic 

Disease  Centers  12  $  1,192,422 

Clinical  Immunology  and 

Immunopathology  54  $  3,747,115 

Lymphocyte  Biology  4  $  1,607,027 

Selective  Immunologic 
Activation  50  $  3,824,169 

Conferences:  During  FY  77  the  following  meetings,  conferences  and  workshops 
relevant  to  the  activities  and  functions  of  the  lAIDP  were  supported  by  the 
Institutie: 

11th  Leukocyte  Culture  Conference,  Tucson,  Arizona 

Asthma:  Physiology,  Immunopharmacology,  and  Treatment 
New  York,  N.Y. 

Asthma  and  Allergic  Diseases  Center  Workshop,  Bethesda,  Md. 

Workshop  on  Nature  and  Mechanism  of  Action  of  Ir  Genes, 
Asilomar,  California 

Feb.   '77    International  Symposium  on  Cell-Cell  Interaction, 
San  Diego,  California 
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Sept. 

'76 

Sept. 

'76 

Dec. 

'76 

Dec. 

'76 

Mar. 

Mar. 

Apr. 

Apr. 

May 

June 

July 

Sept. 

Sept. 

Conference  of  "New  Directions  for  Research  on  SLE" 
Scottsdale,  Arizona 

Regulation  of  the  Immune  System:  Genes  and  the  Cells  in 
Which  They  Function.  Park  City,  Utah 

International  Conference  on  Enzyme  -  Immunoassay 
Guidelines  and  Standards.  Chicago,  Illinois 

American  Association  of  Clinical  Histocompatibility  Testing, 
New  Orleans,  Louisiana 

Advances  in  Clinical  Immunology  and  Allergy,  New  York,  N.Y. 

Experimental  Models  Linking  Immunogenetics,  Oncogenesis, 
and  Viral  Immunity,  Dallas,  Texas 

3rd  International  Congress  of  Immunology,  Sydney,  Australia 
Assist  travel  of  American  Scientists 

7th  International  Histocompatibility  Testing  Workshop 
Oxford,  England 

First  International  Symposium  on  the  Immunobiology  of 
Protein  Peptides,  Minneapolis,  Minnesota 
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I.  ALLERGY  AND  CLINICAL  IMMUNOLOGY  BRANCH 


The  Allergy  and  Clinical  Immunology  Branch  plans  and  conducts  programs 
of  research  in  the  following  areas:  Asthma  and  other  allergic  diseases, 
allergic  mechanisms  and  hypersensitivity,  inflammation,  clinical  immunology, 
autoimmune  disorders  and  immune  complexes,  and  immunodeficiency.  Research 
is  conducted  utili/ing  the  following  instruments  of  support:  Project  grants, 
program  project  (|r(\nts,  training  grants,  fellowship  and  career  awards. 
Through  the  contract  funding  mechanism  of  the  Research  Resources  Branch, 
selected  research  materials  are  obtained  and  distributed  to  investigative 
allergists  and  clinical  immunologists.  The  ultimate  goal  of  the  Allergy 
and  Clinical  Immunology  Program  is  to  promote  the  acquisition,  translation, 
and  application  of  research  findings  to  the  diagnosis,  prevention,  and 
treatment  of  allergic  and  immunologic  diseases. 

B.  Program  Areas  and  Highlights 

1 .  Asthma  and  Allergic  Disease  Centers  (AADC)  Program 

A  network  of  15  Asthma  and  Allergic  Disease  Centers,  diverse  1n 
both  its  geographic  and  scientific  breadth.  Is  actively  engaged  in  a  colla- 
borative fashion  to  gain  new  knowledge  and  insights  into  the  field  of  hyper- 
sensitivity. Research  of  both  fundamental  and  applied  natures  is  conducted; 
and  through  this  iiiultl faceted  approach,  methods  have  already  been  developed 
and  applied  to  improve  the  diagnosis  and  treatment  of  asthma  and  other 
allergic  diseases.  While  the  emphasis  of  the  Centers  program  is  directed 
toward  a  better  understanding  of  the  mechanisms  involved  in  the  various 
allergic  diseases,  the  spin-off  in  terms  of  better  patient  care  is  evident. 

The  Programs  of  individual  Centers  participating  in  the  program 
are  diverse,  but  so  are  the  diseases  themselves.  While  a  few  Centers  concen- 
trate their  efforts  on  only  one  disease,  most  are  studying  several  different 
allergic  disorders.  The  scope  of  investigations  encompasses  a  broad  probing 
of  basic  cellular  and  humoral  mechanisms  underlying  hypersensitivity  for  the 
development  of  better  diagnostic  and  immunoprophyl actio  measures  directly 
applicable  to  a  particular  allergic  disease.  Although  all  of  the  Centers 
serve  as  referral  centers  for  patients  with  allergic  diseases  in  their  geo- 
graphic areas  and  all  are  active  in  training  future  academic  and  investigative 
allergists,  each  of  the  Centers  has  also  been  successful  in  competing  for 
additional  support  through  either  the  regular  grant  program,  training  grants, 
or  research  career  awards. 

The  AADC  Workshop,  Bethesda,  December  9-10,  1976,  was  the  sixth 
annual  meeting  of  the  directors  and  professional  staffs  from  the  15  Asthma 
and  Allergic  Disease  Centers  supported  by  NIAID.  Over  100  participants  met  at 
NIH  to  review  recent  progress  by  the  grantees  in  this  Center's  program  and  to 
exchange  scientific  information  in  this  dynamic  field.  More  than  50  papers 
were  presented.  Among  the  topics  discussed  were  hypersensitivity  pneumonitis. 


asthma,  vasculitis,  inimune  complex  diseases,  mediators  of  inflammation  including 
complement  and  lymphokines,  cyclic  nucleotides,  IgE  immunoglobulins  and  recep- 
tors, allergens  and  immunotherapy. 

2.  Asthma 

Approximately  9  million  Americans  have  asthma.  Although  asthma 
may  have  a  number  of  different  clinical  presentations  and  the  "asthma 
syndrome"  may  be  comprised  of  several  separate  diseases  processes,  the  essence 
of  asthma  is  reversible  airway  obstruction.  This  obstruction  has  three 
major  elements:  (1)  contraction  of  bronchial  smooth  muscles,  (2)  increased 
or  retained  secretions  of  mucus,  and  (3)  inflammation  of  the  respiratory 
tract  mucosa. 

In  a  number  of  asthmatic  patients,  attacks  can  be  provoked  by 
exposure  to  specific  allergens  and  many  of  the  patients  have  other  allergies 
such  as  allergic  rhinitis.  However,  many  asthmatics  do  not  have  a  demon- 
strable allergy;  and  in  these  patients,  a  variety  of  infectious,  nervous 
(adrenergic  and  cholinergic),  genetic,  or  inflammatory  factors  may  play  a 
primary,  predisposing,  or  contributory  role.  The  program  on  asthma  is 
structured  to  investigate  all  the  major  parameters  contributing  to  the 
totality  of  asthma.  Areas  under  investigation  include:  natural  history 
studies,  allergens,  bronchoprovocation  challenge,  animal  models,  pulmonary 
function  testing,  chemical  mediators,  cell  mediators,  adrenergic  agonists 
and  antagonists,  parasympathomimetic  agents,  drug  allergy,  diagnostic 
methodology,  and  therapeutic  agents. 

At  the  National  Jewish  Hospital  in  Denver,  Richard  Farr 
(AI  10398-07)  has  compiled  information  in  a  computer  data  bank  on  over  350 
hospitalized  asthmatic  patients.   Immunologic,  pharmacologic,  physiologic, 
otinosphoric,  psycholoqic,  and  demographic  data  are  now  undergoing  statistical 
analysis  that  is  expected  to  clarify  factors  of  major  import  in  the  genesis 
and  perpetuation  of  severe  asthiDa. 

At  Creighton  University,  Robert  Townley  (AI  12029-04)  has  been 
studying  the  occurrence  of  asthma  within  families  spanning  three  or  more 
generations  including  inonozygous  and  dizygous  twin  pairs.  Leads  for  un- 
raveling the  threads  of  genetic  and  environmental  influences  are  being 
followed. 

The  role  of  childhood  respiratory  virus  infections  inducing  asthma 
has  been  the  effort  of  Oscar  Frick  (AI  00011-03,  University  of  California, 
S.F.).  The  major  finding  of  this  group  has  been  the  determination  that  res- 
piratory syncytial  virus  and  the  parainfluenza  viruses,  agents  of  bronchio- 
litis, can  be  incriminated  in  the  subsequent  development  of  asthma.  In  adults, 
Charles  Reed  (AI  10404-06,  University  of  Wisconsin),  has  found  that  respira- 
tory virus  infections,  particularly  with  rhinoviruses,  may  produce  transient 
airway  obstruction  akin  to  asthma,  and  that  the  leukocytes  from  patients  with 
rhinovirus  illness  have  an  impaired  inhibition  of  lysosomal  enzyme  release 
from  neutrophils.  This  observation  offers  a  promising  lead  for  utilizing 
changes  in  peripheral  blood  leukocytes  to  monitor  bronchial  responses. 


For  a  number  of  years  it  was  known  that  methacholine  could  induce 
asthma  attacks.  This  exquisite  methacholine  sensitivity  is  now  being  employed 
by  a  number  of  grantees  for  a  variety  of  investigative  ourposes;  to  cc: ro- 
borate  a  diagnosis  of  asthma,  to  ascertain  the  constituents  of  the  chf^mical , 
cellular,  and  physiologic  events  in  the  ontogeny  of  the  asthmatic  response, 
and  to  evaluate  pharmacologic  agents  in  the  treatment  of  patients.  Broncho- 
provocation  studies  by  Philip  Norman  (AI  10304-07,  Johns  Hopkins  University) 
have  shown  a  decreasing  order  of  sensitivity  to  methacholine  in  ssthinatics, 
hay  fever  patients,  and  normals.  In  addition.  Dr.  Norman  has  found  evidence 
from  bronchial  challenge  studies  that  vagal  activity  nay  play  a  role  1n 
allergic  asthma  after  the  allergic  reaction  has  been  initiated.  John 
Vaughan  (Al  10386-06,  Scripps  Clinic)  has  used  the  same  methodology  to  study 
the  induction  of  asthma  by  aeroallergens  and  by  aspirin.  In  rsddition  to  the 
changes  in  ventilatory  function  which  are  the  hanm.ark  of  asthina,  parallel 
rises  in  plasma  histamine  levels  and  a  decrease  in  serum  complement  levels 
are  reported.  The  advent  of  this  methodology  which  can  regularly  reproduce 
asthma  should  be  of  inestimable  help  in  a  better  understanding  of  this 
important  disease. 

Animal  models  of  asthma  in  rhesus  monkeys  challenged  by  aerosol 
with  allergens  have  been  developed  by  Roy  Patterson  (AI  11759-04,  Northwestern 
University).  Pulmonary  functions  have  been  monitored,  and  the  effects  nf 
pharmacologic  agents  such  as  physostigmine  and  prostaglandins  n?aasured,  thus 
offering  an  unique  opportunity  to  perform  high  risk  repetitive  studies  under 
controlled  conditions  that  could  not  be  undertaken  in  humans.  ' 

The  Conference  called  "Physiology,  Immunopharmacology  and  Treatment' 
Brook  Lodge,  Augusta  Michigan,  held  September  20-22,  1976,  was  an  International 
Symposium  on  Asthma  organized  by  Johns  Hopkins  University  with  NIAID  support 
and  included  presentations  by  40  scientists;  many  of  whom  ar':;  grantees  of  this 
Institute.  Discussions  centered  around  provoking  agents,  brcnchiolar  smooth 
muscle  function  and  control  cellular  and  humoral  mechanisms,  pharmacotherapy, 
and  immunotherapy. 

3.  Allergic  Diseases  and  Atopic  Mechanisms       ' 

Studies  within  this  program  have  been  concerned  with  Investigations 
of  the  etiologic  factors,  pathogenetic  mechanisms,  diagnostic  measures^  and 
therapeutic  approaches  to  the  effective  management  of  various  allergic  disorder; 
Among  some  of  the  diseases  covered  are:  allergic  rhinitis,  urticaria,  angio- 
edema,  hymenoptera  sensitivity,  and  food  allergy, 

David  G.  Marsh  (AI  09565-08,  Johns  Hopkins  University)  has  been 
analyzing,  in  detail,  the  allergens  found  In  crude  ragweed  extracts.  An  early 
extract  of  ragweed  pollen  composed  of  a  group  of  highly  basic  proteins, 
possesses  high  biologic  activity  in  ragweed  sensitive  patients  by  both  skin 
i(>'-.t  arul  in  viLio  h  is  l<iiiiin(>  release  assay.  This  group  of  basic  proteins 
contains  a  nunibc'r  of  iiiol  (^ciilar  species  with  molecular  weights  ranging  betv/een 
y,000  and  22,U0U  daltons.  In  addition,  recognized  discrete  ragweed  allergens 
have  been  purified  and  characterized  as  antigen  E,  Ra3,  Pa4,  «nd  Rr7,5. 


For  treatment  purposes.  Dr.  Marsh,  (cited  above),  has  modified 
whole  ragweed  extract  with  formaldehyde.  The  principal  advantage  of  employing 
this  altered  allergen  (allergoid)  in  immunoprophylaxis  is  the  more  rapid 
induction  of  blocking  IgG  antibodies  with  greater  safety  than  the  conven- 
tional materials  now  in  use.  Larger  amounts  of  immunogenic  material  can 
be  administered  in  a  shorter  period  of  time  without  the  risk  of  generalized 
allergic  reactions.  Followup  studies  of  these  patients  over  a  two-year 
period  have  demonstrated  that  further  booster  injections  of  allergoid  or  of 
crude  ragweed  extract  are  required  to  maintain  the  high  levels  of  IgG 
antibody  necessary  to  interfere  with  allergen  sensitivity.  A  new  trial  of 
allergen  administration  began  in  the  spring  of  1977. 

Using  only  the  polymerized  Antigen  E  fraction  of  ragweed  pollen, 
Roy  Patterson  (AI  11403-04,  Northwestern  University),  undertook  a  trial  of 
accelerated  immunotherapy  in  ragweed  sensitive  symptomatic  patients.  An 
average  of  only  nine  injections  of  polymer  was  needed  to  reach  maintenance 
doses  in  contrast  to  30  injections  of  the  conventional  therapeutic  agent. 
Another  study  is  now  underway  using  whole  ragweed  protein  polymerized  with 
glutaraldehyde. 

These  observations  and  the  observations  of  other  grantees  such  as 
David  Levy  (AI  11281-03,  Johns  Hopkins  University)  have  shown  that  specific 
injection  therapy  reduces  but  does  not  eliminate  hay  fever  symptoms  and  that 
this  suppression  is  not  permanent  in  most  patients.  It  would  appear  that 
specific  therapy  for  ragweed  hay  fever  has  definite,  albeit  limited,  thera- 
peutic benefit  and  that  clinical  improvement  resulting  from  specific  immuno- 
therapy is  probably  related  to  suppression  of  specific  reaginic  antibody 
response.  The  use  of  ragweed  extract  altered  and  polymerized  by  formaldehyde 
or  glutaraldehyde  reduces  the  number  of  injections  required  for  the  induction 
of  IgG  antibodies  and,  at  the  same  time,  lowers  the  rate  of  allergic  reactions. 

J.  Donald  Capra  (AI  12796-02,  University  of  Texas  at  Dallas)  has 
purified  and  tentatively  determined  the  amino  acid  sequence  of  ragweed 
antigen  Ra5.  Depending  on  the  source  of  ragweed  pollen,  fraction  Ra3  was 
found  to  exist  in  two  molecular  forms;  the  amino  acid  sequence  varying  con- 
siderably between  the  two  preparations  with  a  pronounced  difference  in 
biological  activity  as  judged  by  histamine  release  assay.  The  complete 
sequence  of  these  two  molecules  is  nearing  completion.  The  fortuitous 
discovery  of  two  molecular  forms  for  the  Ra3  fraction  promises  to  shed  con- 
siderable light  on  the  biological  properties  of  this  important  allergen. 

David  B.  Dickinson  (AI  12879-02,  University  of  Illinois),  in 
quantitating  the  known  allergenic  pollen  proteins  among  various  ragweed 
species  is  attempting  to  determine  whether  variation  in  allergenic  protein 
content  is  an  Inherited  trait  and  whether  plants  that  are  low  in  these 
allergens  can  be  bred.  Both  qualitative  and  quantitative  difference  in 
Antigen  E  content  were  found  among  various  ragweed  species  and  low  and  high 
Antigen  E  yielding  strains  were  identified.  Studies  to  elucidate  the 
genetic  markers  involved  in  allergen  production  by  these  plants  are  underway. 
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Arthur  Malley  (AI  09232-06,  Oregon  Regional  Primate  Research 
Center)  has  undertaken  a  clinical  trial  comparing  the  efficacy  of  whole 
timothy  extract  and  a  component,  purified  Antigen  D.  Possible  advantages 
of  utilizing  Antigen  D  in  immunotherapy  are:  better  protection  in  timothy- 
sensitive  patients,  ability  to  undertake  immunotherapy  during  the  pollen 
season  (co-seasonal  therapy),  increased  efficacy  in  vitro  as  judged  by 
leukocyte  histamine  release  responses  from  patients  during  the  pollen  season, 
and  the  use  of  a  better  standardized  and  more  potent  allergen. 

Philip  S.  Norman  (AI  10304-06,  Johns  Hopkins  University),  and 
Gerald  J,  Gleich  (AI  11483-04,  Mayo  Clinic),  have  completed  clinical  trials 
comparing  the  efficacy  of  honeybee  venom  vs.  whole  body  extract  in  immuno- 
therapy. About  100  patients  with  a  history  of  severe  reactions  to  bee 
stings,  many  of  whom  had  experienced  anaphylaxis  in  the  past,  were  studied. 
Immunization  was  pursued  rapidly  with  serial  injections  over  a  short  period 
of  time.  Among  patients  receiving  whole  body  extract,  changes  in  specific 
IgE  and  IgG  antibody  levels  were  minimal.  Severe  reactions  to  bee  sting 
occurred  when  these  patients  were  subsequently  challenged.  In  contrast, 
among  patients  receiving  venom  therapy,  IgG  antibodies  rose,  and  IgE  levels 
eventually  fell.  When  the  venom  treated  patients  were  challenged,  good 
protection  was  evident.  The  advent  of  a  successful  immonotherapeutic  regimen 
in  this  potentially  fatal  disease  should  have  considerable  practical  import 
for  that  segment  of  the  population  which  is  severely  allergic  to  bee  sting. 

Urticaria  (hives)  and/or  angioedema  are  common  conditions  which 
afflict  20  percent  of  the  population  at  some  time  during  their  lives.  Acute 
cases  can  often  be  attributed  to  other  immunologic  or  nonimmunologic 
release  of  histamine  or  other  mediators  from  cutaneous  mast  cells.  In 
patients  with  chronic  urticaria  (the  daily  occurrence  of  urticaria  for  more 
than  six  weeks  duration)  precise  pathophysiologic  mechanisms  are  now  being 
recognized. 

John  H.  Vaughan  (AI  10386-06,  Scripps  Clinic  and  Research 
Foundation)  has  found  that  in  chronic  urticaria,  a  proportion  of  patients 
have  circulating  immune  complexes  and  show  evidence  of  complement  activation. 
Serum  samples  from  patients  with  chronic  idiopathic  urticaria  and  hypo- 
complementemia  had  evidence  of  complement  activation  in  both  classical  and 
alternate  pathways  and  markedly  elevated  levels  of  immune  complexes  in  their 
sera.  Some  patients  had  evidence  of  activation  only  in  the  classical  pathway 
and  two  of  these  had  elevated  immune  complexes,  while  others,  without  evidence 
of  classical  pathway  activation,  did  not  have  elevation  of  plasma  immune 
complexes. 

Roy  Patterson  (AI  11403-04,  Northwestern  University)  has  measured 
serum  immunoglobulins  in  patients  with  chronic  utricaria  and  demonstrated  eleva- 
tions of  IgE  or  IgM  in  approximately  20  percent  of  those  studied. 

The  ri'.k  ol  life-threatening  reactions  during  radiographic  contrast 
medium  Infusion  is  appreciable,  i.e.  1  In  10,000  in  intravenous  pyelograms  and 
as  much  as  1  in  100  during  extensive  arteriography.  In  order  to  understand  the 
possible  mechanisms  involved  in  these  reactions,  John  Vaughan  (AI  10386-06, 
Scripps  Clinic  and  Research  Foundation),  added  various  radiographic  contrast 


media  to  human  serum.  Complement  was  consumed,  and  his  studies  showed  that 
activation  occurred  mainly  through  the  alternate  complement  pathway. 

Charles  D.  May  (AI  11623-03,  National  Jewish  Hospital,  Denver) 
was  unable  to  confirm  the  presence  of  an  immediate  type  hypersensitivity 
reaction  in  a  group  of  children  who,  by  history,  had  food  tolerance;  nor 
was  he  able  to  document  an  allergic  mechanism  to  account  for  delayed  {one  to 
four  days  after  challenge)  adverse  reactions  to  food.  Studying  the  develop- 
ment of  antibodies  to  milk  proteins  in  normals,  he  found  their  development 
after  introduction  of  cows'  milk  in  infants,  and  their  decline  in  children 
by  age  six.  However,  children  skin  test  positive  to  milk  retained  high  titers 
of  serum  antibodies  to  milk  proteins  until  at  least  age  sixteen.  The  true 
prevalence  of  documented  hypersensitivity  reactions  to  food  is  considerably 
less  than  the  common  impressions  from  subjective  clinical  evaluation.  The 
development  of  practical  testing  procedures  and  the  eventual  elucidation  of 
the  basic  mechanisms  involved  in  the  pathogenesis  of  "food  allergy"  is  ex- 
pected to  lead  to  improved  methods  of  diagnosis  and  treatment. 

N.  Franklin  Adkinson,  Jr.  (AI  71206-03,  and  AI  11936-04,  Johns 
Hopkins  University),  studying  the  basic  mechanisms  of  penicillin  hypersensi- 
tivity, has  developed  a  sensitive  and  reliable  radioallergosorbent  test  (RAST) 
and  a  radioimmunoprecipitation  test  to  measure  penicillin-specific  IgE  and 
IgG  antibodies  in  human  serum.  The  RAST  assay  was  found  to  give  results 
equivalent  to  skin  testing  with  penicilloyl  polylysine.  In  addition,  he  has 
developed  another  RAST  test  for  detection  of  IgE  penicillin  antibody  of  minor 
determinants  specificity,  which  correlates  best  with  anaphylactic  type  sensi- 
tivity. The  predictive  ability  of  both  skin  testlna  and  in  vitro  antibody  , 
assays  for  penicillin  allergy  Is  being  established  for  defTnTtTve  clinical 
application. 

Emil  J.  Bardana,  Jr.  (AI  10940-03,  University  of  Oregon)  has 
developed  a  radioimmunoassay  for  the  detection  of  antibody  to  Aspergillus, 
a  fungus  which  often  involves  the  lower  respiratory  tract.  Significantly 
greater  amounts  of  antibody  were  found  in  patients  with  aspergillosis  than 
in  normal  subjects  and  antibody  was  of  the  IgG  and  IgM  classes.  All  normal 
individuals  were  found  to  have  some  specific  antibody  to  Aspergillus  and 
this  may  be  attributed  to  the  ubiquity  of  the  species  in  the  environment  and 
the  probability  of  shared  antigens  with  a  variety  of  other  microorganisms. 
When  this  technique  was  applied  to  sera  from  individuals  with  documented 
allergic  broncho-pulmonary  aspergillosis,  a  majority  were  found  to  have 
elevated  levels  of  specific  antibody  to  Aspergillus. 

Julin  W.  YunyititjiM-  (AI  00107-02,  Mayo  Clinic)  lias  isolated  and 
characterized  the  allergens  of  Alternaria,  a  mold  which  has  been  implicated 
in  allergic  disease  and  has  developed  a  radioallergosorbent  test  for  the 
measurement  of  Alternaria  allergens. 

4.  Immunodeficiency 

The  program  on  immunodeficiency  is  concerned  with  the  etiology, 
ontogeny,  prevention,  and  treatment  of  structural  and  functional  deficiencies 
of  the  immune  system.  Both  naturally-occurring  and  acquired  disease  states 
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are  included.  Ongoing  studies  have  focused  upon  the  congenital  absence, 
failure  of  development,  or  other  disorders  affecting  thymus  or  bone  marrow 
cellular  elements;  abnormalities  in  production,  inhibition,  or  catabolism 
of  immunoglobulins;  deficiencies  of  specific  complement  components;  and 
defective  host  defenses  due  to  abnormalities  of  leukocytes.  These  naturally 
occurring  or  acquired  defects  of  immunity  provide  a  unique  opportunity  to 
expand  the  understanding  of  normal  immune  function.  Only  by  its  absence 
do  we  see  a  role  for  its  presence  in  the  sequence  of  steps  which  make  up  the 
normal  immune  response.  Although  these  diseases  are  rare,  the  information 
gained  is  relevant  to  the  general  field  of  immunology,  and  to  many  health 
problems,  including  infectious  diseases,  cancer,  allergy,  and  arthritis. 

Using  Epste1n-Barr  virus  (EBV),  lyniphoblastoid  cell  lines  (LCL) 
have  been  established  with  cells  from  patients  with  a  variety  of  immune 
deficiency  syndromes  Including:  ataxia  telangiectasia,  Wiscott-Aldrich 
syndrome,  severe  combined  immune  deficiency,  conmon  variable  Immune 
deficiency,  X-linked  immune  deficiency  with  Increased  or  normal  immuno- 
globulins, complement  deficiencies,  and  Job's  syndrome.  All  LCL  have  surface 
markers  and  functions  characteristic  of  B  lymphocytes,  including  C3  receptors 
and  surface  immunoglobulins.  These  cell  lines  are  now  available  for  studies 
of  their  metabolic  and  immunologic  characteristics,  enzyme  patterns,  and 
chromosomal  aberrations. 

Among  the  investigations  who  have  established  these  cell  lines 
are:  C.  Ronald  Scott  (AI  12617-02,  University  of  Washington),  Rochelle 
Hirschhorn  (AI  10343-06,  New  York  University),  Hilaire  J.  Meuwissen 
(AI  11717-03.  New  York  State  Health  Department).  Fred  S.  Rosen  (AI  05877-14, 
Boston  Children's  Hospital),  and  Ralph  Wedgwood  (AI  07073-10.  University  of 
Wisconsin). 

Among  the  types  of  severe  combined  immunodeficiency  syndromes 
(SCID)  is  an  autosomal  recessive  form  in  which  there  is  an  accumulation  of 
adenosine  within  cells  due  to  a  deficiency  of  the  enzyme,  adenosine  deaminase 
(ADA).  Children  born  with  this  disease  have  severe  defects  in  both  B  and  T 
cell  function.  Rochelle  Hirschhorn  (AI  10343-06,  New  York  University)  has 
found  that  adenosine  is  a  potent  inhibitor  of  mitogen  stimulation  and  that 
inhibitors  of  adenosine  deaminase  markedly  impair  the  capacity  of  lymphocytes 
to  respond  to  mitogens.  Hilaire  J.  Meuwissen  (AI  11717-03,  New  York  State 
Department  of  Health)  has  purified  and  concentrated  500,000-fold  adenosine 
deaminase  obtained  from  normal  red  blood  cells.  In  addition,  he  has  determined 
that  there  are  two  molecular  species  of  ADA,  a  low  molecular  weight  form 
found  in  red  cells  and  a  higher  molecular  weight  form  in  fibroblasts. 

Fred  S.  Rosen  (AI  05877-14,  Boston  Children's  Hospital)  found 
that  ADA  activity  in  patients'  fibroblasts  is  only  about  16  percent  of  that 
found  in  normal  human  fibroblasts.  In  addition,  the  enzyme  present  in  patients 
with  ADA  deficiency  has  an  altered  electrophoretic  mobility  and  increased 
heat  stability  when  compared  with  the  normal  fibroblast  enzyme.  This  finding 
opens  up  the  possibility  of  the  prenatal  diagnosis  of  this  disease  by 
amniocentesis  through  the  subsequent  establishment  and  analysis  of  amnionic 
fibroblasts  in  culture.  One  difficulty  to  be  surmounted  is  the  observation 


by  Dr.  Meuwissen  that  the  growth  conditions  for  ADA  deficient  fibroblasts  in 
tissue  culture  are  extremely  demanding  and  slow  the  cell  growth. 

The  discovery  of  this  specific  enzymatic  defect  has  lead  to 
several  successful  therapies  for  ADA  deficiency.  Rochelle  Hirschhorn 
(AI  70254-05,  New  York  University)  employed  monthly  transfusions  of  packed 
frozen  irradiated  erythrocytes  as  an  exogenous  source  of  adenosine  deaminase. 
This  treatment  was  suggested  by  the  success  of  in  vitro  studies  where  adeno- 
sine deaminase  restored  the  ability  of  patients"^lymphocytes  to  proliferate 
when  stimulated  with  mitogens.  Rebecca  Buckley  (AI  70830-04,  Duke  University) 
has  successfully  treated  a  child  with  this  deficiency  by  transplanting 
human  fetal  liver  cells,  while  Richard  Hong  (AI  14354-01,  University  of 
Wisconsin)  has  used  cultured  human  thymus  cells. 

In  studies  of  another  congenital  immunodeficiency  disease, 
Hilaire  Meuwissen  (AI  11717-03,  New  York  State  Department  of  Health)  has 
detected  the  absence  of  nucleoside  phosphorylase  (NP)  in  Blackfan-Diamond 
syndrome,  a  disease  which  has  severe  T  cell  deficiences.  C.  Ronald  Scott 
(AI  12617-02,  University  of  Washington)  has  found  in  the  plasma  of  NP 
deficient  patients  increased  amounts  of  inosine.  Using  NP  antibody  to 
detect  the  presence  of  cross-reacting  material.  Dr.  Scott  has  identified  three 
variant  proteins  in  some  patients  with  NP  deficiency  diseases. 

H.  Hugh  Fudenberg  (AI  13484-02,  Medical  University  of  South 
Carolina)  has  demonstrated  that  Wiskott-Aldrich  syndrome  includes  at  least 
two  forms,  one  of  which  is  associated  with  a  defect  in  monocyte  IgG  receptors. 

Rebecca  Buckley  (AI  12026-04,  Duke  University)  has  found  an 
association  between  immunodeficiency  and  excessive  IgE  antibody  production. 
These  patients  have  an  impairment  in  cell -mediated  immune  function  and 
excessive  production  of  IgE  antibodies  as  exemplified  by  patients  with  the 
Wiskott-Aldrich  syndrome  who  have  an  eczematoid  rash  indistinguishable  from 
that  of  atopic  dermatitis. 

Fred  S.  Rosen  (AI  05877-14,  Boston  Children's  Hospital)  has 
reported  a  group  of  patients  with  common  variable  immunodeficiency  having  B 
cells  which  synthesize  but  do  not  secrete  immunoglobulin  despite  the  presence 
of  antigen  and  T  cells  due  to  a  failure  of  heavy  chain  qlycosylation  in  the 
newly  synthesizfid  lyG  wit.hin  their  B  cells. 

Rene  J.  Duquesnoy  (AI  12507-03,  Medical  College  of  Wisconsin)  is 
studying  pituitary  dwarf  mice  who  develop  immunodeficiency  of  the  thymus- 
dependent  system  caused  by  inefficient  production  of  immunocompetent  cells  as 
a  consequence  of  defective  pituitary  influences  on  the  thymus.  The  growth 
hormone  deficiency  of  the  dwarf  mice  causes  late  development  of  the  immune 
system,  and  injection  with  growth  hormone  prevents  development  of  severe 
immunodeficiency.  Since  untreated  animals  have  normal  mixed  lymphocyte 
culture  reactions  but  decreased  responsiveness  to  mitogens,  the  immuno- 
deficiency seems  to  be  related  to  different  sub-populations  of  thymus  cells. 

In  a  study  of  atopic  dermatitis  in  a  group  of  young  children  with 
relatively  recent  onset  by  Oscar  L.  Frick  (AI  13156-03,  University  of 
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California,  S.F.),  total  serum  IgE  levels  were  found  to  be  ten  times  greater 
than  that  seen  in  an  age-matched,  non-atopic  control  group.  When  the  derma- 
titis was  active,  the  patients  demonstrated  a  decreased  responsiveness  by 
skin  test  to  a  panel  of  antigens  and  concomitant  decreased  lymphoblasto- 
;genesis  upon  exposure  to  mitogens  or  specific  antigens.  Reversal  was  noted 
|upon  healing  of  the  dermatitis,  giving  support  for  the  idea  that  active 
dermatitis  is  responsible  for  depressed  cellular  immune  responsiveness  seen 
in  these  patients  in  whom  corticosteroid  influences  could  be  ruled  out. 

The  possibility  that  atopic  disease  may  predispose  to  renal 
disease,  presumably  by  aiding  in  deposition  of  immune  complexes,  was  investi- 
gated by  Roy  Patterson  (AI  11403-04,  Northwestern  University).   It  was  shown 
that  24  of  44  patients  with  histologically  confirmed  glomerular  disease  and 
14  of  20  with  focal  glomerular  lesions  were  atopic.  While  these  findings 
suggest  a  possible  association  of  the  two  diseases,  the  mechanisms  of 
glomerular  localization  of  IgE  identified  in  some  renal  biopsy  specimens 
require  further  evaluation. 

5 .  Immunological  Diseases;  Immune  Complex  and  Autoimmune  Disorders 

Studies  within  this  category  include  studies  of  disorders  arising 
from  the  generation  of  monoclonal  immunoglobulins,  formation  and  deposition 
of  antigen-antibody  complexes,  the  development  of  autoimmune  states  and 
research  focused  upon  the  basic  immunobiologic,  immunochemical  and  itmiuno- 
pathologic  mechanisms  involving  connective  tissue,  skin,  cellular  elements 
of  the  blood  and  fiematofioietlc  organs,  bronchopulmonary,  cardiovascular, 
renal  and  gastrointestinal  tracts,  hepatic,  splenic,  endocrine  glandular  and 
osseous  tissue  and  nervous  system  elements  in  single-organ  or  multisystem 
character.  Some  of  these  projects  are  focusing  on  immune  complex  mechanisms, 
dynamics  of  antigen-antibody  reactions,  chemical  manifestations  of  Arthus,' 
reaction  and  serum-sickness  type  hypersensitivities,  pathologic  processes 
effected  by  abnormal  serum  proteins,  basic  and  clinical  aspects  of  auto- 
immune phenomena  and  immunopathology  and  methods  of  prevention  and  control  of 
autoimmune  disease. 

Robert  E.  Jordon  (AI  12049-03,  Mayo  Clinic)  has  demonstrated 
immune  complexes  in  sera  and  blister  fluids  from  patients  with  pemphigus, 
bullous  pemphigoid,  and  dermatitis  herpetiformis.  Pemphigus  and  bullous 
pemphigoid  sera  also  contained  antibodies  capable  of  reacting  with  antigens 
isolated  from  human  skin  by  passive  hemagglutination  test.  In  addition,  low 
complement  levels  were  found  in  blister  fluids  from  many  of  these  patients. 
Ttiese  studies  sugcjost  thai  local  complement  activation,  as  a  result  of  iniinune 
complex  formation,  may  |)lav  a  pathogenic  role  In  these  chronic  vesiculobul lous 
skin  diseases  ut  iiidii. 

Ronald  I.  Carr  (AI  10872-05,  National  Jewish  Hospital)  has  studied 
sera  from  a  group  of  patients  with  idiopathic  nephrosis  who  were  selected 
for  apparent  clinical  sensitivity  to  milk,  manifested  by  proteinuria  after 
milk  ingestion.  Elevated  levels  of  antibody  to  bovine  gamma  globulin  (BGG) 
and/or  casein  constituents  of  cows'  milk  and  antigen-antibody  complexes  were 
found  in  some  serum  samples.  Additionally,  glomerular  localization  of  immune 
complexes  was  identified  in  renal  biopsy  specimens.  Since  the  currently 


S9 


available  methods  of  treatment  for  immune  complex  disease  consist  primarily 
of  attempting  to  suppress  the  overall  immune  or  inflaiimiatory  responses  in 
general,  these  studies  offered  the  opportunity  to  develop  methodologies  which 
might  selectively  remove  specific  antibodies.  A  system  of  extracorporeal 
immunoadsorption  has  been  devised  both  in  vitro  and  in  vivo  with  dogs  to 
remove  these  circulatincj  dntibodies  by  aTl owing  them  to  attach  to  milk  proteins 
coupled  to  nylon  microspheres, 

Henry  N.  Claman  (AI  12028-04,  University  of  Colorado)  has  studied 
over  100  patients  with  systemic  vasculitis  during  the  past  several  years. 
Skin  biopsy  has  shown  evidence  of  immune  damage  (presence  of  immunoglobulins 
and  complement)  and  by  electronmicroscopy,  the  primary  lesion  was  localized 
to  small  venules.  Since  patients'  uninvolved  skin  may  contain  immunoglobulins 
and  complement,  these  substances  are  believed  to  be  causally  related  to  the 
skin  lesions  and  not  a  result  of  them.  In  addition,  many  of  the  patients  had 
renal  disease  but  an  important  investigative  lead  was  offered  by  the  finding 
of  lack  of  correspondence  of  the  type  of  immunoglobulins  deposited  in  the 
skin  and  in  the  kidney  of  some  patients. 

6.  Inflammation 

The  process  of  inflammation  is  mediated  by  both  cells  and  by  humoral 
factors.  This  process  is  essential  for  host  defense  against  the  "foreign"  sub- 
stance. However,  in  certain  disease  states  and  immunologic  disorders,  inflam- 
mation plays  a  major  role  in  tissue  damage.  An  understanding  of  what  initiates 
and  what  modulates  inflammation  is,  therefore,  crucial  to  explaining  and  con- 
trolling these  disease  states. 

The  noncellular  mediators  of  inflammation  can  be  divided  into  two 
general  categories,  those  of  small  molecular  weight  and  those  of  high  molecular 
weight.  The  group  of  serum  proteins  derived  from  the  complement  system  falls 
into  the  latter  category.  The  initiation  of  the  complement  cascade  by  either 
the  classic  or  alternate  pathways  makes  a  major  contribution  to  the  development 
of  the  inflammatory  response.  Once  activated,  complement  components  have 
functions  including  opsonization,  immune  adherence,  chemotaxis,  cell  lysis, 
and  anaphylatoxin  generation.  Derangements  or  absence  of  complement  have  been 
implicated  in  causing  or  contributing  to  a  wide  range  of  disorders  including 
cancer,  kidney  diseases,  collagen  vascular  diseases,  infectious  diseases,  and 
inherited  diseases. 

The  complement  system  consists  of  several  components  that  are 
activated  sequentially.  In  order  to  pursue  the  study  of  complement,  it  is 
essential  that  its  components,  activators,  and  inhibitors  be  isolated  and 
purified  in  a  stable  state.  This  very   important  work  is  being  undertaken  at 
several  laboratories  receiving  NIAID  support.  In  order  to  relate  the  structure 
to  the  function  of  selected  human  complement  components,  the  laboratory  of 
James  W.  Prahl  (AI  13483-01,  University  of  Utah)  has  achieved  the  isolation 
and  purification  of  C3,  C4,  and  C5  and  their  constitutive  chains  in  significant 
yield  to  permit  a  concerted  attack  on  the  structure  of  these  components  that 
will  make  possible  an  understanding  at  the  molecular  level  of  the  chemistry  of 
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their  functionality.  Paul  A.  Liberti  (AI  12365-03,  Jefferson  Medical  College), 
while  studying  the  nature  of  Clq  interaction  with  antigen  antibody  complexes, 
has  isolated  Clq  in  stable  form  offering  the  opportunity  to  pursue  important 
studies  that  could  not  otherwise  be  approached. 

Fundamental  knowledge  of  the  biology  of  complement,  component  by 
component,  would  facilitate  an  understanding  of  relationships  to  other  equally 
complex  systems  and  offer  the  possibility  of  its  manipulation.  To  pursue  more 
detailed  studies  of  the  complement  receptors,  Margaret  J.  Polley  (AI  10873-04, 
Cornell  University)  has  purified  C3c  and  C3d;  Richard  A.  Patrick  (AI  11367-03, 
Michigan  State  University)  has  developed  affinity  chromophotography  techniques 
for  isolation  of  C4  and  C2;  and  Hans  J.  Miiller-Eberhard  (AI  07007-12,  Scripps 
Clinic  and  Research  Foundation)  has  isolated  and  characterized  the  soluble 
C5b-9  complex.  The  alternate  (properdin)  pathway  has  also  come  under  investi- 
gation by  George  B.  Naff  (AI  11333-04,  Case  Western  Reserve  University)  who  is 
undertaking  the  purification  of  properdin  in  its  native  state  to  help  explain 
the  specificity,  the  mechanism  of  action,  and  a  means  for  controlling  its 
activation.  Bryan  J.  Johnson  (AI  11970-03,  University  of  Alabama,  Birmingham) 
has  isolated  a  cobra  venom  factor  highly  specific  for  activation  of  the  pro- 
perdin pathway.  Abraham  G.  Osier  (AI  08710-08,  The  Public  Health  Research 
Institute  of  the  City  of  New  York)  has  demonstrated  activation  of  the  pathway 
by  addition  of  magnesium,  manganese,  or  cobalt,  and  also  observed  the  formation 
of  a  properdin  pathway  intermediate  in  fresh  serum  involving  assembly  of  C3 
and  properdin  on  the  zymosan  particle. 

Equally  important  is  the  inhibition  of  the  enzymatic  activities  of 
complement.  Michael  Cory  (AI  11231-03,  Stanford  Research  Institute)  is  engaged 
in  preparation  of  a  series  of  complement  inhibitors  for  potential  use  as  anti- 
inflammatory agents  and  for  preventing  acute  graft  rejection.  Dr.  Johnson, 
(cited  above),  in  studying  the  use  of  polyanions  as  complement  fixing  materials, 
has  found  at  least  two  materials  that  reduce  the  complement  levels  in  human 
serum  in  vitro.  The  investigations  of  Robert  Strunk  (AI  1 2970-02 ,_Uni vers ity 
of  Arizona)  are  directed  to  the  classical  enzyme  kinetics  of  the  42  enzyme  in 
seeking  an  inhibitor.  Shaun  Ruddy  (AI  13049-01,  Medical  College  of  Virginia) 
has  described  a  new  plasma  protein,  BiH  globulin,  which  modulates  the  function 
of  the  activated  third  complement  component.  Roger  E.  Spitzer  (AI  12721-02, 
SUNY,  Syracuse)  has  shown  that  convertase  activated  properdin  controls  and 
modulates  both  classical  and  alternate  pathways.  The  laboratory  of  K.  Frank 
Austen  (AI  10356-07,  Robert  B.  Brigham  Hospital,  Boston)  has  made  a  major 
contribuLion  in  ttn's  area,  identifying  a  critical  step  in  the  alternate  pathway 
determinative  of  biologically  significant  activation  of  C3  and  shifting  of  the 
effector  sequence  to  a  self  propagating  amplification  convertase;  the  regulation 
of  this  shift  is  by  two  control  proteins,  C3bINA  and  bIH.  Another  major  contri- 
butor. Dr.  Miiller-Eberhard  (cited  above),  has  found  that  the  initiation  of 
the  alternate  pathway  involves  a  novel  serum  protein  and  that  properdin  is 
recruited  as  the  final  component  of  the  entire  pathway  stabilizing  the  enzyme 
and  protoctinfj  it  a(|,iiri',t  destruction  by  the  C3t)  iii,nt  iv.itor .   Factor  R,  as  a 
key  component  of  the  properdin  system,  is  modulated  initially  by  this  initiatitu) 
factor,  native  C3,  and  subsequently  by  bound  C3I)  and  properdin.   I  nri(|U(.'  II. 
Vallota  (AI  12417-03,  Children's  Hospital,  Boston)  has  elucidated  the  mecha- 
jnisms  of  epsilon  amino  caproic  acid  (EACA)  inhibition  of  C5  convertase 
-I 
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demonstrating  that  a  single  amino  acid  can  inhibit  the  assembly  of  complex 
multi-unit  enzymes  such  as  C3  and  C5  convertase  at  the  same  time  that  it  can 
enhance  the  hemolytic  efficiency  of  C5. 

Complement  components  also  interact  with  and  modulate  cellular 
aspects  of  inflammation.  Andrew  J.  Grant  (AI  12621-03,  University  of  Texas, 
Galveston)  is  investigating  C5a  as  a  protective  mechanism  through  histamine 
release  and  recruitment  of  humoral  and  cellular  elements.  Dr.  Patrick  (cited 
above)  has  demonstrated  a  potential  leukocyte  control  mechanism  in  complement 
associated  systems. 

The  translation  of  basic  research  in  complement  into  clinical 
application  is  of  special  interest  to  NIAID's  concern  with  inflammation. 
Among  the  disorders  being  investigated  are  congenital  diseases.  Harvey  R. 
Colten  (AI  12791-06,  Children's  Hospital,  Boston)  has  reported  on  03  deficiency 
and  genetic  deficiency  of  C2  due  to  a  functional  failure  of  monocytes  in  homo- 
zygous deficient  persons.  Joerg  A.  Jensen  (AI  10726-05,  University  of  Miami) 
has  developed  a  shark  model  of  CI  esterase  inhibitor,  deficiency  of  which  in 
humans  is  associated  with  hereditary  angioneurotic  edema  (HAE).  Chester  A. 
Alper  (AI  13626-02,  Harvard  University)  is  characterizing  the  properties  of 
CI  inhibitor.  Drs.  Polley  and  Naff,  (previously  cited),  have  described  pos- 
sibly pathogenetic  abnormalities  in  both  the  classic  and  alternate  pathways 
of  complement  in  patients  with  cystic  fibrosis,  and  Dr.  Osier,  (cited  above), 
the  alteration  of  C3  levels  in  cancer.  Dr.  Miiller-Eberhard,  (cited  above), 
showed  that  the  C5b-9  membrane  attack  complex  of  complement  in  cell  killing 
may  constitute  an  important  defense  mechanism  against  transformed  cells. 
Neal  R.  Cooper  (AI  07007-12,  Scripps  Research  Foundation)  has  demonstrated 
low  C4  levels  in  patients  with  multiple  myeloma.  The  role  of  complement 
in  infection  is  also  being  more  precisely  defined  by  John  P.  Leddy  (AI  12568-01, 
University  of  Rochester)  who  is  showing  that  complement  appears  to  contribute 
to  virus  neutralization,  especially  when  antibody  is  limited.  Leon  T.  Rosenberg 
(AI  0'JJ41-0/.  Stanford  UriivcrsiLy),  studying  Cb  deficiency  in  certain  infections, 
showed  that  it  did  not  iiifluencc  Lhe  course  of  malaria  and  is  associated  with 
enhanced  resistance  in  toxoplasmosis.  Alfred  Michael  (AI  10704-17,  University 
of  Minnesota),  examining  the  role  of  complement  in  a  wide  variety  of  kidney 
diseases,  has  evidence  that  C3  can  be  deposited  on  glomerular  capillaries  in 
the  absence  of  an  intact  classical  pathway.  The  collagen  vascular  diseases 
constitute  another  major  area  of  complement  research  which  is  under  investiga- 
tion by  Donald  Raum  (AI  10356-07,  Robert  B.  Brigham  Hospital,  Boston).  By 
examining  families  of  rheumatic  patients,  for  C2  deficiency  and  properdin 
factor  B  allotypes,  not  only  was  he  able  to  determine  a  crossover  rate  of 
genes  controlling  these  two  components,  but  also  that  the  incidence  of  inherited 
C2  deficiency  is  present  in  about  one  percent  of  normals  as  opposed  to  six  per- 
cent of  patients  with  systemic  lupus  erythematosus.  Carlos  M.  Arroyave 
,(AI  12594-02,  Scripps  Clinic  and  Research  Foundation)  found  that  the  alternative 
ipathway  of  complement  is  activated  more  frequently  in  systemic  lupus  erythema- 
!tosus  when  compared  to  other  systemic  rheumatic  diseases. 

A  second  category,  that  of  low  molecular  weight  mediators  of 
iri(  IdiiiiiidLioii,  was  previously  alluded  to.  A  discussion  of  some  of  the  cellular 
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icomponents  of  inflammation,  includin<j  eosinophils  and  basophils  (or  mast  cells), 
'must  accompany  any  discussion  of  these  chemicals. 

I  Human  reaginic  antibody  (IgE)  adheres  to  tissue  mast  cells  via  its 

iFc  portion.  When  this  IgE  reacts  with  specific  corresponding  allergen,  an 
lantigen-antibody  reaction  takes  place,  resulting  in  the  release  of  certain 
ilow  molecular  weight  chemical  mediators,  including  histamine,  slow  reacting 
jsubsiance  of  anoiphylaxls  (SRS-A)  and  eosinophil  cheniotactic  factor.  Albert 
iKalisker  (AI  13592-02,  National  Asthma  Center,  Denver)  has  evaluated  the  role 
'of  antigen  induced  release  of  histamine  in  the  regulation  of  specific  immune 
responses  through  a  dual  mechanism,  one  mediated  principally  through  type  1 
histamine  receptors  (Hi),  and  the  other  mediated  via  an  interaction  with  type 
2  histamine  receptors  (H2).  Marshall  Plaut  (AI  12810-02,  Johns  Hopkins  Univer- 
sity) is  comparing  effects  in  vivo  and  in  vitro  of  histamine  on  cytolytically 
^active  T  lymphocytes  and  is  studying  the  ontogeny  and  distribution  of  histamine 
receptor-bearing  cells  on  lymphocyte  subpopulations.  Charles  W.  Parker 
(AI  00190-01,  Washington  University)  is  investigating  the  biochemistry  of 
mast  cell  secretion  including  effects  in  alteration  of  cyclic  nucleotide  meta- 
bolism during  mediator  release.  The  role  of  histamine  in  disease  is  being 
examined  by  Harold  F.  Dvorak  (AI  10495-06,  Massachusetts  General  Hospital, 
Boston)  who,  by  using  electron  microscopy,  has  attempted  to  relate  morphologic 
changes  to  possible  mechanisms  of  mediator  secretion  in  peripheral  blood  baso- 
phils in  the  basophilic  phase  of  chronic  n\yelogenous  leukemia.  In  order  to 
approach  a  problem  of  receptor  molecules  for  IgE  on  mast  cells,  Kimishige 
Ishizaka  (AI  10060-0751,  Johns  Hopkins  University)  has  developed  a  technique 
for  culturing  mast  cells  with  physiologic  function  similar  to  those  of  normal 
rat  mast  cells.  Philip  W.  Askenase  (AI  12211-03,  Yale  University)  is  continuing 
a  comprehensive  study  of  the  newly  recognized  immunologic  reaction  called 
cutaneous  basophil  hypersensitivity.  Work  in  his  laboratory  has  shown  that 
this  delayed-in-time  reaction  featuring  large  accumulations  of  basophils  is 
transferrable  by  either  immune  lymphocytes  or  immune  serum. 

Eosinophils  are  attracted  to  the  site  of  hypersensitivity  reactions 
by  eosinophil  chemotactic  factor  (ECF).  The  function  of  the  eosinophil  in  the 
immune  response  is  not  entirely  clear  but  has  recently  been  partially  elucidated 
by  K.  Frank  Austen  (AI  07722-11,  Robert  B.  Brigham  Hospital,  Boston)  demon- 
strating that  SRS-A  is  inactivated  by  arylsulfatase,  an  enzyme  present  in 
extracts  of  human  eosinophils.  Lawrence  M.  Lichtenstein  (AI  11334-05,  Johns 
Hopkins  University)  demonstrated  that  all  human  granulocytic  leukocyte  types 
could  be  induced  to  release  eosinophil  chemotactic  factor;  but  that  produced 
by  human  polymorphonuclear  cells  is  not  preformed  as  is  the  ECF  of  anaphylaxis 
found  in  mast  cells,  but  rather,  is  generated  after  stimulus  by  antigen, 
ionophore,  or  a  phagocytosizeable  particle.  Furthermore,  there  is  released  by 
this  same  stimulus  hut  with  a  different  time  course,  a  high  molecular  factor 
which  is  able  to  inactivate  ECF. 

One  ot  U}v    (our  major  categories  of  allergic  reactions,  termed 
"cellular"  hypersensitivity,  is  a  type  of  hypersensitivity  not  mediated  by  the 
usual  circulating  antibodies,  but  rather,  by  sensitized  small  T  lymphocytes. 
In  addition  to  its  cytotoxic  effector  cell  role  and  its  role  in  secreting 
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mediators  of  delayed  type  hypersensitivity,  the  T  cell  also  regulates  immune  ■ 
responses  as  a  helper  or  suppressor  cell  and,  in  addition,  acts  as  a  memory 
icell .  T  cell  functions  are  important  in  such  phenomenon  as  tuberculin  hyper-  i 
jsensitivity,  rejection  of  tumors  and  foreign  transplants,  and  the  development  j 
of  resistance  to  microbial  pathogens  by  mechanisms  which  have  not  yet  been 
well  defined. 

John  R.  Schmidtke  (AI  12813-02,  University  of  Minnesota)  has  been 
studying  T  cell  function  to  determine  the  mechanisms  by  which  combinations 
of  phytohemagglutinin  (PHA)  or  concanavalin  A  (Con  A)  and  lipopolysaccharide 
(LPS)  induce  the  synergistic  uptake  of  3H-thymidine  in  human  peripheral  blood 
lymphocytes  (PBL).  His  finding  a  synergistic  Induction  of  DNA  synthesis  in 
purified  human  T  cells  shows  promise  of  leading  to  a  very  sensitive  assay  to 
detect  a  functional  absence  or  abnormality  within  T  cell  subpopulations  in 
humans.  David  A.  Lawrence  (AI  12527-03,  Albany  Medical  College),  putting 
emphasis  on  the  relationship  of  T  cell  structure  to  T  cell  function,  has  studied 
differences  between  "primed"  and  "activated  T  cells",  finding  that  "primed  T 
cells"  were  much  more  radiosensitive  and  that  the  helper  activities  of  both 
cell  types  reside  in  an  anti-Thy-1.2  sensitive  population.  In  order  to  assess 
membrane  differences  between  these  two  cell  populations,  serologically  defined 
surface  markers  are  being  quantitated  and  mapped.  Sydney  Leskowitz  (AI  108950- 
06,  Tufts  University),  using  a  guinea  pig  model,  found  that  adult  thymectomy 
not  only  interferes  with  the  induction  of  unresponsiveness  of  cell  mediated 
immunity  to  chemicals,  but  it  also  produces  a  markedly  greater  reaction  than 
seen  in  normal  animals,  indicating  that  cellular  suppression  may  be  present 
in  normally  immunized  guinea  pigs.  John  M.  Dwyer  (AI  11077-04,  Yale  University) 
showed  that  a  largo  injoction  of  an  immunogen  before  skin  testing  for  delayed 
hypersensitivity  markediy  rcducos  the  capacity  of  that  animal  to  produce  a 
delayed  hyptir-^etisl t1  v1  ty  response  to  the  desensitizing  antigen  and  to  the  other 
antigens  to  which  it  has  been  Immunized.  Exploration  of  this  phenomenon  led 
to  findings  compatible  with  the  hypothesis  that  a  suppressor  T  cell  mechanism 
may  be  activated  by  large  doses  of  immunogen.  Peter  A,  Ward  (AI  0965-07, 
University  of  Connecticut),  also  studying  anergy,  developed  a  technique  for 
basophil  chemotaxis  demonstrating  response  of  these  cells  to  both  lymphocyte 
derived  as  well  as  complement  derived  leukotactlc  factors,  and  further  showed 
that  patients  suffering  from  sarcoidosis  and  hepatic  cirrohosis  have  leukotactlc 
dysfunction  associated  with  the  presence  of  a  serum  chemotactic  factor  inacti- 
vator.  The  work  of  Dr.  Ishizaka  (cited  above),  on  the  regulatory  mechanisms 
for  IgE  antibody  response  and  the  effect  of  suppressor  T  cells  on  ongoing 
IgE  antibody  formation  in  a  mouse  model,  strongly  suggests  that  generation  of 
suppressor  T  cells  could  be  responsible  for  depression  of  IgE  antibody  forma- 
tion in  hay  fpvor  pntionf-s  hv  long  term  Immunothcr.ipv  ,ui<i.  thon^toro.  the 
'Ifrifral  ion  ot  Miiii'rf.'.or  I  (rll-.  !,erve  as  an  appio.icli  lo  r ro, i tnion t  . 

A  grnup  working  with  Jack  R.  Battisfn  (AI  1P468-03,  Cleveland 
Clinic)  demons ttd Led  d  Leiiultir  basis  for  the  phenomenon  by  which  administration 
of  dextran  to  mice,  just  prior  to  induction  of  sensitization  to  picryl  chloride, 
resulted  in  a  later  heightening  of  delayed  type  reactions. 

Several  investigators  are  studying  viral ly  induced  anergy.   Fred 
S.  Kantor  (AI  11077-05,  Yale  University)  showed  that  the  vaccination  of  puppies 
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and  mongrel  dogs  with  canine  distemper  virus  leads  to  a  generalized  cutaneous  ' 
and  lymphoid  cell  anergy  which  is  a  model  of  that  seen  in  man  after  a  variety  . 
of  diseases;  measles,  especially,  closely  resembles  canine  distemper.  Judith 
Woodruff  (AI  10080-05,  SUNY,  Downstate  Medical  Center,  Brooklyn),  in  studying 
[mechanisms  by  which  viruses  effect  lymphocyte  homing,  has  shown  that  the  at- 
jtachment  of  influenza  virus  to  cells  in  vitro  alters  their  capacity  to  hone 
linto  lymphoid  tissues.  Specifically,  virus  treatment  of  thoracic  duct  lympho- 
Icytes  diverts  their  homing  from  lymph  nodes  and  spleens  to  the  liver,  suggesting 
jthat  binding  of  virus  to  the  lymphocyte  may  have  masked  surface  receptors  which 
iare  important  in  determining  their  normal  distribution. 

When  sensitized  T  lymphocytes  are  cultured  in  the  presence  of 
specific  antigen,  they  release  a  variety  of  non-specific  mediators  or  lympho- 
jkines,  that  act  on  other  lymphocytes  and  macrophages,  among  other  cells.  The 
work  of  Ross  E.  Rocklin  (AI  11729-04,  Robert  B.  Brigham  Hospital,  Boston), 
showing  that  both  human  T  and  B  cell  subpopulations  produce  leukocyte  inhibi- 
tory factor  (LIF)  and  migration  inhibitory  factor  (MIF),  a  lymphokine  which 
inhibits  migration  of  macrophages,  has  been  extended.  His  group  has  described 
the  factor  present  in  the  plasma  of  multi-gravid  women  which  specifically  blocks 
the  MIF  response  by  maternal  lymphocytes  to  paternal  antigens;  this  data  sug- 
gests that  such  blocking  activity  may  be  important  in  maintaining  a  normal  term 
pregnancy.  John  R.  David  (AI  07685-12,  Robert  B.  Brigham  Hospital,  Boston),  in 
attempting  to  elucidate  processes  that  occur  when  macrophages  are  activated  by 
lymphocyte  mediators,  has  found  that  macrophage  glycol ipids  appear  to  function 
p  receptors  for  MIF,  a  finding  that  should  prove  an  important  tool  in  determin- 
ing how  the  mediator  triggers  macrophages.  William  Arend  (AI  10825-06,  Univer- 
sity of  Washington)  has  been  studying  the  effects  of  lymphocyte  factors  on 
macrophage  IgG  receptors  in  vitro  to  study  lymphocyte-macrophage  interactions 
using  cells  from  patients  with  immune  disorders.  Supernatants  from  SK-SD  acti- 
vated lymphocytes  enhanced  the  adhesiveness  and  hexose-monophosphate  shunt 
activities  of  normal  human  monocytes  in  culture,  but  did  not  alter  the  activi- 
ties of  the  Fc  and  C3  receptors  on  the  cells.  Heinz  G.  Remold  (AI  12110-03, 
Robert  B.  Brigham  Hospital,  Boston)  is  also  trying  to  isolate  an  MIF  recognizing 
moiety  on  the  macrophage  surface  and  has  initiated  studies  on  the  role  of  macro- 
phage glycol ipids  in  the  response  of  guinea  pig  macrophages  to  MIF,  finding  they 
were  able  to  augment  the  response  to  MIF  macrophages  incubated  with  liposomes 
containing  macrophage  glycol ipids.  Further  studies  have  shown  that  the  specific 
macrophage  glycol ipid  exerting  this  effect  is  indeed  part  or  all  of  an  MIF 
receptor,  and  L-fucose  is  essential  for  its  biological  activity.  Manfred  M. 
Mayer  (AI  1247?-03,  Johns  Hopkins  University)  has  developed  a  procedure  for 
the  purification  of  guinea  pig  lymphotoxin,  suggesting  that  the  primary  site 
of  lymphotoxin  action  may  be  on  the  plasma  membrane  transport  systems.  H. 
^herwood  Lawrence  (AI  01254-12,  New  York  University)  is  in  the  process  of 
characterizing  a  new  lymphokine  called  cloning  inhibitory  factor  (GIF). 

Dr.  Lawrence,  (cited  above),  and  several  other  investigators 
(|:ontinue  the  study  of  transfer  factor  (TF),  a  small  molecular  weight,  dialy- 
Zable,  leukocyte  extract  which  is  a  specific  mediator  of  cellular  immunity. 
The  means  by  which  it  induces  long  lasting  specific  sensitivity  in  other  T 
lymphocytes  is  as  yet  unknown  and  is,  therefore,  a  topic  of  continuing  clinical 
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investigation.  Dr.  Lawrence's  qroup  is  developing  a  much  needed  microassay   ! 
for  transfer  factor  activity.  Arthur  Gottleib  (AI  13386-02,  Tulane  University), 
although  unable  to  identify  the  immunologically  specific  moiety  in  TF  prepara- 
tions, has  shown  that  leukocyte  extracts  with  TF  activity  contain  14  polypeptide 
components  arranged  into  four  groups.  Robert  S.  Chanq  (AI  12198-02,  University 
of  California,  Davis),  in  order  to  study  whether  specific  transfer  factor  can 
hi!   extractpd  from  established  lines  of  human  lymphoid  cells,  1s  trying  to 
dc'termini.'  i(  I  lymphocytes  .ire  transform.ible  into  continuous  lines  by  the  EB 
virus. 

How  this  information  about  transfer  factor  can  be  translated  into 
clinical  usage  is  also  under  current  investigation.  Vera  S.  Byers  (AI  13157- 
01,  University  of  California,  San  Francisco),  in  investigating  whether  transfer 
factor  is  antigen  specific  or  whether  it  acts  on  previously  cotmiitted  memory 
cells,  is  defining  specificity  requirements  using  alloantigen  serums.  Lynn 
Spitler  (AI  43012-05,  Children's  Hospital,  San  Francisco)  has  numerous  clinical 
trials  with  transfer  factor  under  way  Including  studies  of  patients  with 
Wiskott-Aldrich  Syndrome,  malignant  melanoma,  disseminated  cryptococcosis,  and 
histoplasmosis. 

Interferon  is  an  inhibitor  of  viral  replication  released  by  many 
host  cells  including  T  lymphocytes  after  appropriate  stimulation,  especially 
from  a  virus  infection,  and  thus,  can  be  classed  as  a  lymphokine.  Lois  D. 
Epstein  (AI  12481-02,  University  of  California,  San  Francisco)  has  developed 
a  microculture  technique  to  study  T  lymphocyte  interferon  production,  a  method 
proving  useful  in  clinical  studies  and  requiring  less  than  one  third  the  amount 
of  blood  used  in  previous  techniques.  David  0.  I ucas  (AI  11687-03,  University 
of  Ari7:on<i)  has  accomplished  Mk;  physical  separation  of  Interferon  from  lympho- 
tox1n  and  1s  studying  the  role  of  macrophages  in  interferon  production. 

While  macrophages  have  already  been  discussed  In  previous  sections, 
they  should  also  be  mentioned  here  in  context  of  their  phagocytic  function. 
Macrophages,  which  are  differentiated  blood  monocytes,  differ  from  the  other 
phagocytes  in  that  they  are  long  lived,  are  capable  of  continuing  lysosomal 
enzyme  synthesis,  and  may  further  differentiate  into  epithelioid  cells  which, 
in  turn,  may  fuse  to  form  multi-nucleated  giant  cells.  Barbara  A.  Nichols 
(AI  11639-03,  University  of  California,  San  Francisco)  has  been  studying  the 
role  of  alveolar  macrophages  in  the  degradation  of  used  surfactant,  a  line 
of  investigation  which  may  have  clinical  implications  since  disorders  of  this 
system  appear  to  be  responsible  for  the  newborn  respiratory  distress  syndrome. 
Manfred  L.  Karnovsky  (AI  03260-18,  Harvard  University)  has  been  studying  res- 
piration during  phagocytosis  by  different  cell  types  and  has  preliminary  evidence 
indicating  that  there  is  a  dephosphorylation  of  a  protein  component  associated 
with  the  respiratory  increment.  Richard  K.  Root  (AI  13201-02,  Yale  University), 
in  ;.Ludyiiii|  lIk;  iiiechuii  i:,iiib  liy  which  human  phagocytic  cells  are  attracted  to. 
Ingest,  and  kill  foreign  microorganisms,  and  how  these  functions  might  be  al- 
tered during  different  disease  or  Immune  states,  has  looked  at  the  role  of 
phagocytic  cecf.'ptors  in  regii  UiLiiuj  these  events  and  was  able  to  inhibit  phago- 
some formation  during  contact  of  cells  with  particles  by  the  use  of  cyto- 
chalasin-B.  Stephen  Douglas  (AI  12478-03,  University  of  Minnesota)  has  used 
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both  the  freeze  fracture  technique  and  thin  section  electronmicroscopy  of 
human  monocytes  and  rabbit  alveolar  macrophages  during  interaction  with  anti- 
body coated  sheep  erythrocytes  to  demonstrate  an  alteration  in  intran^mbraneous 
particles  during  this  process.  Ouentin  N.  Myrvik  (AI  05663-13,  Bowman  Gray 
School  of  Medicine)  has  been  studying  macrophages  by  a  special  technique  applied 
to  in  vitro  studies  employing  normal  rabbit  alveolar  macrophages  in  living 
mycrobacterium  bovis  (BCG  strain).  In  some  phagosomes  in  which  BCG  appeared, 
there  was  a  suggestion  of  a  double  limiting  membrane,  an  observation  which 
prompts  careful  investigation  of  the  possible  relationship  of  double  phagosome 
membranes  and  lysosome-phagosome  fusion  mechanisms. 
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II.   IMMUNOBIOLOGY  AND  IMMUNOCHEMISTRY  BRANCH 

A.  Scope 

This  Branch  is  concerned  with  the  biology  and  chemistry  of  the  immune 
system  and  its  products.  Its  fundamental  studies  on  the  structure  and  function 
of  the  immune  system  are  directed  toward  acquiring  a  complete  understanding  of 
immune  response  mechanisms  at  their  basic  cellular  and  molecular  levels  as  they 
function  in  health  and  disease. 

Activities  in  this  broadly-based  program  area  cross  traditional 
disciplinary  lines  of  biology  and  chemistry  and  encompass  anatomic,  physio- 
logic, pharmacologic,  and  microbial  biology  and  organic,  physical,  and 
biological  chemistry.  Its  scope  includes  studies  of  the  origin,  maturation, 
localization,  and  function  of  immunologically  active  cell  populations,  and 
the  mechanisms  involved  in  the  induction,  modulation,  regulation,  and  expres- 
sion of  immune  reactivity  as  well  as  physicochemical  studies  of  antigens  and 
their  homologous  antibodies  and  the  mechanisms  and  kinetics  of  antigen-antibody 
reactions. 

Research  activities  supported  within  this  program  area  are  grouped 
in  the  general  programs  for  Immunobiology  and  Immunochemistry  and  in  the  Special 
Emphasis  Programs  (SEP)  for  Lymphocyte  Biology  and  Selective  Inmunologic  Activa- 
tion. 

B.  Program  Areas  and  Highlights 

1 .  Immunobiology 

This  program  is  concerned  with  the  processes  leading  to  immunocyte 
differentiation,  proliferation,  and  production  of  biologically-active  sub- 
stances which  mediate  immune  reactions. 

Research  supported  within  this  program  includes  studies  on  the 
origin,  maturation,  and  localization  of  immunologically  active  cell  populations, 
the  interactions  of  lymphocyte  subpopulations  and  their  interrelationships 
with  macrophages  and  other  leukocytes,  the  cellular  phenomena  of  antigen  pro- 
cessing, immunologic  tolerance  and  enhancement,  and  the  mechanisms  involved  in 
the  induction,  modulation,  and  regulation  of  immune  responses.  The  cellular 
mechanisms  involved  in  the  induction,  maintenance,  expression,  and  pathophysio- 
logy of  delayed-type  hypersensitive  immune  reactivity  are  also  included  in  this 
category.  Also  relevant  are  studies  of  the  lymphokines  and  other  lymphocyte 
substances  which  activate  macrophages  and  have  pharmacologic  effects  on  lympho- 
cyte and  other  leukocytic  cell  functions  such  as  chemotaxis,  phagocytosis, 
iblastogenesis,  cytotoxicity,  and  microbial  resistance.  Highlights  of  the 
'immunobiology  Program  follow. 

Considerable  interest  and  activity  have  been  focused  on  the  oriqin, 
differentiation,  and  maturation  of  the  thymus-dependent  (T)  and  the  thymus- 
independent,  bone  marrow  (B)  lymphocytes.  The  developmental  stages  leading  to 
the  appearance  of  mature  T  cells  have  not  yet  been  fully  clarified  but  approach- 
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es  now  are  available  to  monitor  the  developmental  processes.  In  his  studies 
on  the  ontogeny  of  T  lymphocytes,  Irving  Goldschneider  (AI  09649-08,  University 
of  Connecticut  Health  Center)  has  demonstrated  that  thymocyte  progenitors  or 
precursors  contain  a  unique  enzyme,  terminal  deoxynucleotidyl  transferase 
(TdT),  which  is  believed  to  play  a  role  in  the  generation  of  immunological 
diversity.  Gideon  Goldstein  (AI  12487-04,  Sloan-Kettering  Institute  for 
Cancer  Research),  while  reporting  that  thymopoietin,  a  thymic  hormone  inducing 
differentiation  of  such  prothymocytes  to  thymocytes  exhibiting  a  characteristic 
T-cell  surface  marker,  the  Thy-1  antigen,  has  also  found  that  thymopoietin  or 
ti  synthetic  tridecapeptide,  prepared  on  thf  basis  of  the  amino  add  sequence 
of  thymopo  iot  iri.  could  induce  thymocyte  dit  ferentiatioii  in  .ithymic  (nude)  mice 
<jnd  iiiuy  serve  <is  the  ha',  is  of  iminuno  logic  reconsti  tuLion  in  certain  faulty 
thymic  function  immunologic  deficiency  disorders. 

Further  thymus-dependent  differentiation  gives  rise  to  several 
distinct  subclasses  of  T  cells,  each  programmed  for  different  immune  functions. 
Using  specific  antisera  which  define  cell  surface  determinants,  called  Ly 
antigens,  in  T  cells,  Harvey  I.  Cantor  (AI  12184-03,  Harvard  University)  has 
identified  three  T  cell  subclasses;  the  first  expresses  all  three  Ly  components 
(Ly-1,  2,  3  positive),  the  second  only  the  Ly-1  antigen  and  the  third  positive 
for  the  Ly-2,  3  antigens  but  lacking  Ly-1.  Dr.  Cantor  believes  the  Ly-1,  2, 
3  positive  type  is  relatively  immature,  appearing  early  in  ontogeny,  while  the 
Ly-1  and  Ly-2,  3  positive  cells  are  more  mature  subpopulations  having  profound- 
ly different  functional  properties:  (1)  cells  of  the  Ly-1  subclass  program- 
med to  express  helper  function  in  antibody  responses  and  initiate  delayed-type 
hypersensitivity  reactions;  (2)  Ly-2,  3  cells  to  suppress  both  humoral  and 
certain  cell  mediated  responses,  thus  belonging  to  different  lines  of  thymic 
differentiation  and  not  sequential  stages  of  a  single  progression. 

The  sequential  differentiation  of  B  cells  is  distinct  from  the 
T  lymphocyte  population  although  Drs.  Goldschneider  and  Cantor  have  detected  TdT 
in  B-cell  precursors  in  bone  marrow.  Alexander  R.  Lawton  (AI  11502-05, 
University  of  Alabama),  while  investigating  the  ontogeny  of  B  cells,  noted 
the  first  recognizable  element  of  the  cell  line  to  be  a  large,  rapidly-dividing 
lymphoid  cell  which  synthesizes  small  amounts  of  immunoglobulin  M  within  its 
cytoplasm  but  lacking  membrane  surface  immunoglobulin  (sig)  found  first  in 
fetal  liver  and  persisting  only  in  the  bone  marrow  of  mature  individuals 
throughout  life.  In  cells,  expression  of  sIgM  precedes  emergence  of  other 
immunoglobulin  classes  with  expression  of  sIgD,  sIgG,  or  sIgA  invariably 
occurring  on  cells  which  also  have  sIgM.  Dr.  Lawton  has  found  that  the  initial 
expression  of  sIg  of  all  classes  occurs  independently  of  antigenic  stimulation 
or  of  T  cells  and  restricted  expression  of  a  single  sIg  class  in  adult  B  cells 
has  been  interpreted  to  reflect  prior  antigen  triggering.  Of  considerable  in- 
terest is  Dr.  lawton's  finding  that  pre-B  cells  are  present  in  normal  frequency 
in  the  morrow  of  boys  with  sex-linked  agammaglobulinemia  in  whom  sig-bearing  B 
lymphocytes  arc  virtu.illy  <ibsent;  this  observation  suggests  that  the  patho- 
ijcnosi',  ol  llii',  imiiiunuilL'l  iciency  disorder  involves  the  generation  of  B  lympho- 
cytes froiii  Itu'ir  prt'-R  < el  1  precursors. 

The  locrtlizdtiun  of  differentiated  1  and  B  lymphocytes  is  a  subject 
under  study  by  Byron  H.  Waksman  (AI  06112-14,  .Yale  University)  focusing  on  the 
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appendix.  Payer's  patches  and  similar  tissues  of  the  Intestinal  tract  which 
comprise  the  gut-associated  lymphoid  tissue  (GALT)  system.  His  morphologic 
studies  have  demonstrated  that  these  tissues  have  a  T-dependent  region  and  a 
B-cell  germinal  center  which  is  the  site  of  intense  proliferation  induced  by 
bacteria  and  other  elements  penetrating  the  tissue  from  the  lumen  of  the  bowel. 
The  GALT  system  is  important  as  a  separate  Immunologic  entity  because  it  serves 
to  protect  the  host  against  systemic  immunization  with  food  antigens  and  pos- 
sible cross-reactive  Immunization  against  self-antigens,  and  provides  secre- 
tory IgA, which  protects  the  mucosal  surfaces  of  the  intestine  and,  as  his 
recent  data  indicates,  it  may  be  the  site  for  differentiation  of  B  lymphocytes 
which  eventually  form  IgE,  the  mediator  immunoglobulin  of  many  allergic  dis- 
orders. 

The  introduction  of  techniques  for  tracing  and  identifying  antigen 
recognition  sites  on  the  surface  of  cells  has  opened  new  avenues  for  experi- 
mental assessment  of  interactions  between  antigen  and  immunocompetent  cells. 
Using  a  radiolabeled  T-independent  antigen,  Erwin  Diener  (AI  11595-03, 
University  of  Alberta),  while  developing  a  technique  for  accurate  tracing  of 
antigen  on  the  surface  of  a  lymphocyte,  has  been  able  to  identify  those  antigen- 
binding  cells  which,  upon  interaction  with  antigen,  undergo  proliferation  and 
differentiation  to  antibody  forming  cells.  Also,  immunologic  tolerance  does 
not  result  from  an  antigen-induced  functional  deficiency  at  the  B-cell  level, 
but  rather  from  an  Induced  lack  of  effective  cooperation  between  accessory  (A) 
cells  or  macrophages  and  immunocompetent  B  cells,  A  cells  being  required  for 
immune  induction  and  triggering  of  B  cells  by  both  T-dependent  and  T-independent 
antigens,  as  well  as  for  the  induction  of  B-cell  tolerance. 

Studies  by  Carlos  A.  Abel  (AI  11742-02,  National  Jewish  Hospital, 
Denver)  on  the  interaction  between  A  cells  and  lymphocytes  indicate  that  gene- 
tically encoded  macrophage  and  lymphocyte  cell  surface  products  may  serve  as 
recognition  units  leading  to  macrophage-lymphocyte  interaction.  The  results 
of  studies  by  Marvin  Fishman  (AI  13180-02,  St.  Jude's  Research  Hospital, 
Memphis)  suggest  that  macrophages  serve  to  provide  informational  material  to 
immunocompetent  cells,  identifying  macrophage  RNA-antigen  complexes  and  infor- 
mational RNA  (i-RNA)  as  biologically  active  products  of  stimulated  macrophages. 
Isolated  i-RNA  has  been  found  to  induce  specific  antibody  synthesis  in  a  cell- 
free  in  vitro  system,  and  cultures  of  unstimulated  B  cells  were  induced  to 
synthesize  immunoglobul ins  with  the  allotypic  specificity  of  the  RNA  donor  by 
treatment  with  i-RNA.  The  important  role  of  the  macrophage  in  induction  of 
immune  responses  has  been  further  supported  by  the  studies  of  David  W.  Talmage 
(AI  03047-19,  University  of  Colorado  Medical  Center)  demonstrating  helper  func- 
tion activation  in  T  lymphocytes  by  contact  with  antigen-pulsed  macrophages. 

Although  the  development  of  an  Immune  response,  either  cellular 
or  humoral,  on  stimulation  by  a  foreign  antigen  is  an  obvious  function  of  the 
Immune  system,  it  is  recognized  that  the  system  must  be  adequately  controlled 
to  prohibit  responses  to  the  self  or  autoimmunity  yet,  at  the  same  time,  re- 
taining its  surveillance  capacity  to  destroy  neoplastic  elements  arising  from 
within.  The  phenomenon  of  self- tolerance  and  its  underlying  mechanisms  have 
been  the  subject  of  study  by  Gustav  J.   V.  Nossal  (AI  03958-17,  Walter  and 
ri1/.i  Hiill  In'.Utiit.c  of  Mrdical  Research.  Melbourne).  Dr.  Nossal.  in  ev;\luat1nq 
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the  clonal  abortion  hypothesis  of  tolerance  which  is  based  on  the  concept  that 
immature  lymphocytes  are  eliminated  by  encounter  with  antigen,  envisions  a 
"differentiation  gateway"  before  which  immunocompetent  cell  precursors  are 
rendered  tolerant  to  antigen  and  beyond  which  immune  induction  usually  occurs. 
An  abortion  of  the  developing  anti-self  clone  at  the  maturational  level,  prior 
to  its  acquisition  of  the  capacity  for  immune  induction  and  differentiation 
toward  immunoreacti ve  cells,  may  provide  a  first-level  safeguard  to  protect 
against  autoimmunity  with  the  continuous  presentation  of  self-antigen  to 
the  immune  system,  from  its  first  emergence  in  the  fetus  through  the  life  of 
the  host,  insuring  effective  censorship  of  anti-self  clones.  Following  immune 
induction,  positive  and  negative  feedback  loops  control  clonal  proliferation; 
specific  antibody,  as  well  as  suppressor  cells,  are  believed  to  serve  as 
immunoregulatory  controls. 

Interest  in  the  cellular  and  subcellular  mechanisms  involved  in 
the  self-regulation  of  the  immune  response  has  remained  Intense.  Richard  K. 
Gershon  (AI  10497-06,  Yale  University)  has  provided  evidence  that  both  helper 
(Ly-1  positive)  and  suppressor  (Ly-2,  3  positive)  cells  are  generated  during 
the  primary  immune  response  in  vitro.  He  has  also  found  that  helper  T  lympho- 
cytes augment  T-cell  mediated  delayed  hypersensitivity  responses  as  well  as 
humoral  B-cell  responses;  suppressor  cells  can  inhibit  both  of  these  amplifying 
features.  Related  to  this  finding  is  his  observation  that  cyclophospho- 
hexamide-induced  augmentation  of  delayed  hypersensitivity  responses  is  due  to 
the  drugs'  inhibitory  effect  on  suppressor  cells. 

The  activation  of  helper  and  suppressor  cell  functions  in  vitro 
has  been  found  to  be?  directly  related  to  antigen  dose  by  Sirkka  K.  Kontlalnen 
(AI  13145-0;^,  University  of  Helsinki).  She  has  noted  that  low  doses  of  antigen 
stimulated  helper  cells  predominantly  while  high  doses  induced  suppressor  cell 
activation,  and  that  helper  cell  activation  required  interaction  with  macrophages 
and  other  T  lymphocytes  while  macrophage  involvement  was  not  essential  for  sup- 
pressor cell  activation.  Thus,  it  appears  that  low  antigen  doses  would  amplify 
immune  response^  by  selectively  activating  helper  cells  and  high  doses  would 
impair  the  responses,  a  situation  which  is  analogous  to  immune  tolerance.  Re- 
lated to  these  quantitative  considerations  is  the  observation  by  Richard  W. 
Dutton  (AI  08795-09,  University  of  California,  San  Diego)  that  suppressor  cell- 
induced  immune  suppression  can  be  reversed  by  addition  of  helper  cells,  a  proce- 
dure which  apparently  restores  a  favorable  balance  to  the  regulatory  environment. 

Evidence  has  been  accumulated  that  helper  and  suppressor  functions 
can  be  mediated  by  'soluble  substances  of  activated  T-lymphocytes.  Carl  W. 
Pierce  (AI  I3')10-Ol,  Jewish  Hospital,  St.  Louis)  has  identified  a  soluble  iiiiniuno 
response  suppressor  (SIRS)  from  the  cell-free  fluid  of  cultures  of  activated 
T-lymphocytes  of  the  Ly-2,  3  phenotype.  The  results  of  characterization  studies 
indicate  that  its  action  is  not  antigen  specific  and  not  attributable  to  the 
presence  of  immunoglobulin  determinants;  however,  it  cannot  be  separated  from 
other  lymphocytp  mediator  activity,  such  as  macrophage  migration  inhibitory 
r.u  (or  (Mil),  whi(h  is  also  ()ri'seMt  in  the  culture  fluid.   John  W.  Kappler 
(AI  lli)b8-04,  UniversiLy  ot  Rochester)  has  detected  a  siniilar  suppressor  factor, 
ds  well  as  d  non-specific  mediator  substance  which  augments  B  cell  responses 
from  fluids  of  activated  T-lymphocyte  cultures,  these  two  factors  believed  to 
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be  distinctly  different  molecules  originating  from  different  T  cell  subpopuU- 
tions.  Sirk'ka  K.  Kontiatnen  (AI  13145-02,  University  of  Helsinki)  has  found 
that  appearance  of  suppressor  factor  in  fluids  of  activated  T  lymphocyte  cul- 
tures is  the  result  of  an  active  secretory  process  rather  than  release  from 
lysed  cells.  The  suppressor  factor,  like  suppressor  cells,  acts  by  blocking 
T-dependent  responses  induced  by  helper  cells. 

In  an  attempt  to  apply  contemporary  knowledge  of  helper  and 
suppressor  T  lymphocytes  to  elucidate  cellular  mechanisms  of  self- tolerance  in 
view  of  the  clonal  abortion  hypothesis,  David  C.  Benjamin  (AI  10225-06, 
University  of  Virginia)  has  studied  specific  inmunologic  tolerance  in  newborn 
mice.  Tolerance,  induced  in  suckling  mice  through  the  colostrum  of  their 
mothers  which  had  been  injected  previously  with  the  tolerizing  antigen,  was 
long-lasting  like  that  in  adult  animals  but  differed  from  adults  in  the  in- 
volvement of  non-specific  suppressor  cells  rather  than  the  antigen-specific 
suppressors.  Consistent  with  the  clonal  abortion  hypothesis,  a  non-specific 
suppressor  mechanism.  In  newborns,  may  be  operative  to  prevent  activation  of 
Immunocompetent  clones  and  maternal  antibody  provides  the  neonate  with  specific 
protection  against  foreign  antigens.  In  adults,  where  maternal  protection  is 
absent,  specific  suppressor  mechanisms  are  operative  to  regulate  autoinmune 
responses. 

The  results  of  irmiunologic  tolerance  studies  in  adult  animals  by 
Alan  M.  Kaplan  (AI  11561-03,  Medical  College  of  Virginia)  supports  these  inter- 
pretations since  suppressor  factor  from  tolerant  hosts  impaired  B  cell  responses 
of  naive  recipient  animals  equally  as  well  as  suppressor  cells  for  both  primary 
and  secondary  responses.  The  suppressor  factor  was  found  to  be  antigen-specific, 
protein  in  nature,  but  not  an  informational  molecule.  It  was  capable  of  bind- 
ing its  specific  antigen  but  was  not  an  immunoglobulin. 

Detailed  information  on  the  nature  of  lymphocyte  membrane  receptors 
is  essential  for  elucidating  the  mechanisms  by  which  lymphocytes  respond  to  an 
iintUjeriic  stimulus  and  function  in  immunity.  While  it  is  clear  that  membrane 
bound  inimunofjlobul  in  (sig)  molecules  serve  as  receptors  for  antigen  on  B  lympho- 
cytes, the  nature  of  antigen-specific  receptors  on  T  cells  has  been  elusive 
and  controversial.  The  problem  seems  to  be  partly  resolved  with  the  demonstra- 
tion that  at  least  one  receptor  on  T  cells  is  a  new  class  of  Ig  heavy  (H)  chain, 
which  may  come  to  be  known  as  "tau"  of  IgT.  The  strongest  evidence  for  this 
was  provided  by  Hans  L.  Wigzell  (AI  13485-02,  Uppsala  University).  Approaching 
the  problem  with  antibodies  directed  against  antigenic  determinants  associated 
with  the  antigen-binding  sites  or  idiotypic  determinants  of  immunoglobulin 
molecules,  he  has  found  that  some  T  lymphocytes  express  the  same  idiotypes  as 
conventional  antibodies,  but  do  not  react  with  conventional  anti-immunoglobulin 
antibodies.  Studies  conducted  by  Robert  E.  Cone  (AI  12577-03,  Yale  University) 
provide  physicochemical  support  of  Wigzell 's  observations.  His  results  provide 
evidence  that  sIg  of  T  cells  is  structurally  different  from  that  of  B  cells. 
The  T  cell  sIg  is  more  hydrophobic  than  its  B  cell  counterpart  and  may  be  more 
similar  to  an  internal  membrane  component  than  to  serum  Immunoglobulins. 
Furthermore,  the  H  chain  of  IgT  may  represent  a  new  immunoglobulin  isotype  not 
expressed  in  serum  immunoglobulins. 
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In  her  studies  of  murine  B  lymphocytes,  Ellen  S.  Vitetta  (AI  12789- 
03,  University  of  Texas  Health  Science  Center,  Dallas)  has  characterized  three 
populations  based  on  their  sig;  neonatal  B  cells  were  found  to  contain  only 
sIgM  while  adult  B  cells  express  either/or  both  sIgM  and  sIgD.  She  has  noted 
that  sIgM  B  cells,  found  in  neonatal  and  adult  animals,  respond  to  T-independent 
but  not  to  T-dependent  antigens;  as  cells  acquire  sIgD,  they  respond  to  the 
latter  antigen.  Because  neonatal  sIgM  B  cells  are  more  readily  tolerized  than 
adult  B  cells,  she  has  suggested  that  only  sIgM  B  cells  are  tolerized  by  T- 
independent  antigens. 

In  addition  to  bearing  sIg  on  their  membrane  surface,  T  and  B 
lymphocytes,  as  well  as  macrophages,  have  been  found  to  possess  a  surface 
receptor  for  the  Fc  fragment  of  immunoglobulins.  Howard  M.  Grey  (AI  09758-08, 
National  Jewish  Hospital,  Denver)  has  developed  evidence  which  indicates  that 
the  Fc  receptors  play  a  role  in  the  activation  of  T  and  B  cells  during  the 
induction  of  the  immune  response. 

There  is  increasing  evidence  that  lymphocyte  surface  receptors 
function  in  the  antigen  recognition  process.  In  particular,  T  cells  only  re- 
spond maximally  to  antigens  when  associated  with  structures  on  the  cell  surface 
which  are   genetically  encoded  as  products  of  the  major  histocompatibility 
complex  (MHC).  In  most  of  these  situations,  the  associative  recognition  of 
MHC  antigens  can  involve  syngeneic  or  allogeneic  determinants.  However,  the 
MHC  context  in  which  antigen  is  first  presented  to  T  cells  in  a  pt^imary  response 
is  "remembered"  by  the  primed  T  cells  and  must  be  presented  in  this  same  MHC 
context  if  these  cells  are  to  exhibit  a  secondary  response  to  the  antigen. 
This  principle  has  been  established  for  cytotoxic  T  cells  by  Rolf  M.  Zinkernagel 
(AI  13779-01,  Scripps  Clinic  and  Research  Foundation)  and  for  helper  T  cells 
by  David  H.  Katz  (AI  13874-01,  Scripps  Clinic  and  Research  Foundation).  These 
findings  provide  clarification  for  experimental  results  which  had  previously 
been  considered  as  examples  of  "syngeneic  preference"  in  which  it  was  thought 
that  T  cells  and  macrophages,  or  T  cells  and  B  cells,  had  to  be  syngeneic  for 
the  MHC  determinants  in  order  to  collaborate  and  generate  an  immune  response. 

The  population  of  immune  lymphocytes  which  mediate  delayed  hyper- 
sensitive reactivity  is  capable  of  producing  a  variety  of  non-antibody  effector 
substances  when  stimulated  by  antigen  in  vitro.  These  mediator  substances, 
which  are  referred  to  as  lymphokines,  include  migration  inhibitory  factor  (MIF), 
chemotactic  factors  for  various  inflammatory  cells,  mitogenic  and  cytotoxic 
factors,  among  others.  These  multiple  lymphokine  activities  are  generated 
simultaneously  and  are  present  in  small  amounts  in  cell-free  fluids  from  antigen- 
stimulated  lymphocyte  cultures.  For  this  reason,  the  isolation  and  characteri- 
zation of  lymphokines  have  been  extremely  difficult.  The  preparation  of  anti- 
body to  any  of  the  known  lymphokines  would  have  obvious  importance  for  the 
purific.ition  of  mediators,  and  eventually  for  studies  on  the  mechanisms  of 
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Philip  K.  Glddo  (AI  12475-03,  University  of  Miami)  has  developed 
techniques  for  bulk  separation  of  relatively  purified  human  MIF,  devoid  of  other 
lymphokine  activity,  from  cultured  human  lymphoid  cell  lines  and  is  now  develop- 
ing a  rabbit  anti-human  MIF  antiserum.  Work  in  this  area  has  progressed  even 
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further  in  an  animal  system.  Stanley  Cohen  (AI  13258-02,  University  of 
Connecticut),  and  Takeshi  Yoshida  (AI  00082-03.  University  of  Connecticut), 
have  prepared  a  rabbit  anti-guinea  p1g  lymphokine  antibody  (ALKS)  that  sup- 
presses delayed  hypersensitivity  skin  reactions  in  actively  immunized  guinea 
pigs  and  absorbs  MIf  activity  from  lymphokine-rich  guinea  pig  lymphocyte 
culture  fluids.  The  latter  finding  provides  the  basis  for  their  current  efforts 
to  purify  MIF  by  antibody  affinity  chromatography.  In  other  research,  Dr.  Cohen 
(AI  12477-03)  has  found  that  lymphokines,  which  have  been  considered  to  be 
products  of  T  cells,  can  be  produced,  under  appropriate  conditions,  by  B  cells 
as  well . 

The  functional  significance  of  lymphokines  in  cell -mediated 
immunity  1^  not  yot  clarified  alttiough  1t  1s  generally  accepted  thut  they  are 
responsible  tor  activation  of  macrophages  and,  thus,  play  a  key  role  in  chronic 
Intracellular  infections  and  other  pathological  processes.  Zanvil  A.  Cohn 
(AI  12975-02,  Rockefeller  University),  is  conducting  studies  to  correlate  the 
secretory  properties  of  macrophages  with  their  state  of  activation  and  their 
ability  to  destroy  intracellular  parasites,  using  tuberculosis  and  trypanosomi- 
asis as  model  infections.  He  has  found  a  close  correlation  between  the  ability 
of  activated  macrophages  to  destroy  these  organisms  and  their  ability  to  secrete 
various  proteinases,  and  provided  evidence  that  specifically  immunized  T  cells 
play  a  necessary  role  in  the  macrophage  activation  process,  lymphok1ne-r1ch 
fluids  from  specific  antigen-stimulated  T  cell  cultures  having  the  ability  to 
induce  secretion  of  proteinases  in  unstimulated  macrophages.  In  related 
studies,  John  R.  David  (AI  07685-12,  Harvard  University),  and  Heinz  G.  Remold 
(AI  12110-04,  Harvard  University),  have  demonstrated  two  distinct,  biologically- 
active  molecular  species  of  guinea  pig  MIF  and  that  an  esterase  on  the  macro- 
phage meiiibnine  modulates  this  cell's  responsiveness  to  various  lymphokines. 

The  role  of  lymphokines  in  the  pathogenesis  of  primary  demyel ination 
is  being  investigated  by  Barry   R.  Bloom  (AI  07118-12  and  AI  09807-08,  Albert 
Einstein  College  of  Medicine).  Injection  of  lymphokine-rich  fluids  into  the 
eyes  of  specifically  immunized  rabbit  models  induced  an  intense  mononuclear 
cell  infiltrate  and  demyelinatlng  lesions  within  the  retinal  fibers.  Injection 
of  fluids  not  containing  lymphokines  into  eyes  of  immunized  rabbits  or  lympho- 
kine-rich preparations  of  non-immune  rabbits  failed  to  induce  pathologic 
changes,  thereby  establishing  a  role  for  lymphokines  in  the  initiation  of  auto- 
immune demyelinatlng  lesions. 

2.  Immunochemistry 

Research  grouped  in  this  program  category  centers  on  chemical 
iapproaches  to  immunologic  reactants  and  reactions.  Studies  of  the  chemical 
composition  and  structure  of  humoral  and  secretory  immunoglobulin  classes  and 
of  natural  and  synthetic  antigens,  as  well  as  of  the  mechanisms  and  kinetics 
of  antigen-antibody  reactions  and  the  regulation  of  immunoglobulin  synthesis, 
form  the  bulk  of  activity  in  this  area.  Chemical  studies  of  the  newly-developing 
field  of  immunopharmacology,  which  includes  the  synthesis,  chemistry,  and 
(Tiechanism  of  action  of  drugs,  hormones,  their  haptenic  forms,  and  other  endo- 
genous substances  influencing  or  participating  in  the  immune  response,  are  also 
included  in  this  program  area. 
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A  major  aim  of  studies  within  this  Program  is  to  elucidate  the 
primary  structure  of  antibodies  and  to  correlate  their  structure  with  their 
antigen  binding,  specificity,  and  other  biological  functions.  The  results  of 
structural  studies  have  established  that  an  immunoglobulin  basically  consists 
of  two  identical  (L)  and  two  identical  heavy  (H)  chains,  linked  by  disulfide 
bridges  to  form  a  two-fold  symmetrical  molecule,  each  side  of  which  consists  of 
an  L  and  an  H  chain.  Two  classes  of  L  chains  (kappa  and  lambda)  and  five  H 
chains  (gamma,  alpha,  mu,  epsilon  and  delta),  which  determine  the  immunoglobulin 
class  (IgG,  IgA,  IgM,  IgE,  and  IgD,  respectively),  have  been  recognized.  Limited 
proteolysis  of  a  typical  IgG  molecule  results  in  three  fragments  of  nearly  equal 
weight,  two  Fab  and  an  Fc.  It  is  now  clear  that  the  Fab  fragments  contain  the 
antigen  binding  (combining)  site  and  that  the  Fc  fragment  plays  an  important 
role  in  complement  fixation. 

Amino  acid  sequence  studies  of  immunoglobulins  have  demonstrated 
the  existence  of  three  domains  with  constant  sequences  on  the  heavy  chain  (C^) 
each  with  about  100-110  amino  acid  residues  and  one  domain  of  variable  sequence 
(V^)  of  the  same  size.  Each  light  chain  consists  of  two  domains,  a  €[_  domain 
with  constant  sequence  and  a  Vl  region.  Comparison  of  the  V|_  and  the  V^  se- 
quences showed  that  three  regions  in  each  sequence  had  unusually  high  variabili- 
ty. The  close  association  of  the  hypervariable  V.  and  V^   domains  in  the  Fab 
fragment,  responsible  for  antigen  binding,  produces  a  continuous  hypervariable 
surface  which  can  be  readily  altered  by  amino  acid  substitutions,  insertions, 
or  deletions,  and  provides  their  extremely  large  number  of  structural  combina- 
tions to  confer  immunologic  specificity. 

Progress  toward  definition  of  the  amino  acid  sequence  of 
immunoglobulins  has  been  facilitated  by  computer  tabulation  and  analysis  of 
sequence  data  by  Elvin  A.  Kabat  (AI  74-2147,  Columbia  University)  in  collabora- 
tion with  Tai  T.  Wu  (AI  70497-04,  Northwestern  University).  They  have  accumula- 
ted approximately  600  partial  and  complete  amino  acid  sequences  of  heavy  and 
light  chains  from  the  variable  regions  of  immunoglobulins  in  the  NIH  PROPHET 
computer  system.  The  accumulated  data  have  been  published  recently  in  book 
form  and  are  now  available  to  interested  investigators  throughout  the  world. 
One  conclusion  verified  by  Drs.  Kabat  and  Wu  from  these  data  is  that  the 
hypervariable  segments  form  the  antibody  combining  sites.  Supporting  evidence 
has  been  obtained  by  Roberto  J.  Poljak  (AI  08202-10,  Johns  Hopkins  University) 
vi)\i)   C'liipl  iiyi'd  X  r,iv  i  ry,  I , ill  ixir.iph  ic  and  amino  .iciil  '.t^quoiu  imi  t(n-|inii)iirs  . 

!,l,uili(.".  by   J.  Donald  Capra  (AI  12ir/-DJ,  llnivm-sity  of  Texas, 
Dallas)  of  idiotypic  proteins  also  have  added  support  to  the  view  that  the 
hypervariable  regions  are  involved  in  the  combining  site.  He  has  provided 
complete  amino  acid  sequences  of  the  variable  regions  of  two  different  proteins 
which  share  idiotypes,  demonstrating  that  when  antibodies  are  selected  on  the 
basis  of  their  coiniiion  idiotype,  the  amino  acid  sequence  in  two  of  the  three  L 
chain  hypervariable  regions  are  identical.  Different  affinities  for  antigen 
in  the  combining  site  olso  are  reflected  by  sequence  data  according  to  Edgar 
Haber  (AI  04967-15,  Massachusetts  General  Hospital,  Boston),  noting  a  striking 
diversity  in  the  amino  acid  sequence  of  L  chain  variable  regions  in  rabbit 
antibodies  produced  against  the  same  antigenic  determinants  of  type  III  and 
type  VIII  pneumococci.  He  found  that  none  of  the  sequences  in  the  hypervariable 
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regions  of  L  chains  from  anti-type  III  and  anti-type  VIII  antibodies  were  identi- 
cal. In  related  studies,  John  J.  Cebra  (AI  09652-08,  Johns  Hopkins  University) 
has  demonstrated  that  the  primary  structure  of  the  hypervariable  H  chain  regions 
1  and  2  of  guinea  pig  antibodies  against  two  different  antigens  were  approx- 
imately the  same  in  sequence  and  degree  of  heterogeneity.,  The  major  difference 
between  these  antibodies,  and  presumably  their  combining  sites,  appeared  to  be 
in  the  third  hypervariable  H  chain  region. 

Two  immunoglobulins,  IgM  and  IgA,  appear  in  polymeric  form  in  sera 
and  secretions.  Structural  analyses  of  these  immunoglobulins  have  revealed 
the  presence  of  both  II  and  L  chains  and  an  additional  low  molecular  weight 
polypeptide,  J  chain.  Jiri  Mestecky  (AI  10854-06,  University  of  Alabama, 
Binriingham)  has  been  attempting  to  determine  the  role  played  by  J  chain  in 
secretion  and  transport  of  immunoglobulins  as  well  as  its  function  and  distri- 
bution in  cells  that  produce  polymeric  immunoglobulins.  He  has  found  that  the 
synthesis  of  intracellular  J  chain  was  closely  associated  with  the  presence  of 
intracellular  immunoglobulins  regardless  of  their  class,  indicating  that  J 
chain  may  have  functions  other  than  the  mediation  of  polymerization  during  the 
process  of  active  intracellular  synthesis  of  polymeric  or  monomeric  immuno- 
globulins. The  primary  structure  of  J  chain  in  human  polymeric  immunoglobulins 
is  being  investigated  by  J.  Claude  Bennett  (AI  09153-12,  University  of  Alabama, 
Birmingham)  demonstrating  its  possession  of  a  unique  sequence  which  does  not 
conform  to  any  region  of  the  L  or  H  chains  and  that  it  is  attached  to  the  H 
chains  at  areas  near  the  carboxy  terminus. 

The  availability  of  immunoglobulin  sequence  data  also  has  provided 
an  opportunity  to  examine  the  genetic  mechanisms  for  regulation  of  antibody 
synthesis.  Alfred  Nisonoff  (AI  12895-03,  Brandeis  University),  by  examining 
the  amino  acid  sequence  of  H  chains  Isolated  from  idlotypically  cross-reactive 
antibodies  in  individual  mice,  noted  identical  sequences  which  indicated  the 
framework  (constant  region)  sequence  of  H  chains  to  be  encoded  by  a  germ-line 
gene.  The  absence  of  amino  acid  substitutions  suggested  that  somatic  mutations 
of  a  related  gene  did  not  occur  or  that  somatic  mutations  affect  the  framework 
sequences  only  infrequently.  In  similar  studies  of  the  variable  H  chain  regions 
of  mouse  antibodies,  Dr.  Nisonoff  (AI  12907-03)  has  provided  the  first  direct 
evidence  for  the  control  of  different  antibody  specificities  by  separate  V^ 
yenes.  Support  for  the  genn-l1ne  theory  of  antibody  diversity,  rather  than  the 
somatic  mutation  theory,  has  also  been  provided  by  the  results  of  studies  of 
mouse  immunoglobulins  by  J.  Latham  Claflln  (AI  12533-03,  University  of  Michigan). 

The  work  of  Frank  F.  Richards  (AI  08614-10,  Yale  University), 
attempting  to  define  the  structure  of  specific  antigen  binding  sites  of  anti- 
body molecules,  suggests  that  it  may  be  a  mosaic  capable  of  binding  a  number 
of  structurally  unrelated  antigen  fragments  to  different  sub-sites  within  the 
combining  region.  Using  the  method  of  fluorescent  energy  transfer,  a  distance 
of  12-14  angstroms  was  calculated  for  the  distance  between  two  such  antigen 
binding  sub-sites  within  the  combining  region,  indicating  that  loops  in  the 
hypervariable  region  of  the  Fab  fragment  surround  a  cleft  in  the  structure  to 
form  a  combining  site. 
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Efforts  to  accurately  define  the  antlqenic  determinant  site 
similarly  have  employed  amino  acid  sequence  analyses  and  X-ray  crystallo- 
graphic  methods  for  studies  of  natural  and  synthetic  antigens.  In  collabora- 
tion, M.  Zouhair  Atassi  (AI  13181-02,  Mayo  Clinic  and  Foundation)  and  Ahmed  F. 
Habeeb  (AI  11974-03,  University  of  Alabama,  Birmingham)  have  analyzed  the 
antigenic  reactivity  of  a  crystalline  protein  enzyme,  hen  egg  albumin,  a  single 
polypeptide  chain  of  129  amino  acids  internally  cross-linked  by  four  disulfide 
bonds  to  form  a  globular  protein.  Three  reactive  sites,  each  containing  four 
to  six  amino  acids  which  are  not  in  direct  linear  linkage  but  are  placed 
adjacent  '■■pnf.inlly  in  the  I  hr'cc-diiiienslonal  folded  structure,  have  been  identi- 
fied.  Itie«y  h(iv<.'  .ilso  '.ynlfic;.  l/tMl  j  peptide  contdlriiny  the  appropriate  amino 
adds  of  one  sucfi  site,  aligned  in  the  appropriate  spatial  configuration,  and 
found  It  to  be  as  active  as  the  native  site,  and  thus,  verified  their  concept 
that  antigenic  sites  need  not  always  be  composed  of  amino  acid  residues  In 
direct  sequence  linkage. 

Joel  W.  Goodman  (AI  05664-14,  University  of  California,  San 
Francisco)  has  similarly  studied  a  purified,  native  polypeptide,  bovine  glucagon, 
which  contains  29  amino  acids.  He  prepared  two  residues,  one  containing  17 
amino  acids  and  the  other  containing  11  amino  acids,  demonstrating  that  the 
larger  residue  contained  the  antibody  reactive  determinant  and  the  smaller 
possessed  the  major  antigenic  determinant  to  which  immune  lymphocytes  reacted. 
In  an  effort  to  define  the  minimal  size  of  the  determinant  group,  he  synthesized 
fragments  containing  the  appropriate  amino  acids  in  their  proper  sequence;  the 
smallest  antibody  reactive  fragment  containing  12  amino  acids  while  seven  amino 
acids  constituted  the  minimal  size  required  for  cellular  reactivity.  These 
findings  provide  evidence  to  support  the  view  that  at  least  two  determinants 
on  an  antigen  molecule  must  be  accessible  in  order  to  obtain  an  immune  response 
and  they  strengthen  the  plausibility  of  antigen-bridging  models  for  cell-cell 
cooperation. 

Emanuel  Margoliash  (AI  12001-03,  Northwestern  University)  has 
attempted  to  elucidate  the  nature  of  the  antigenic  determinants  involved  in 
autoimmunity  using  a  mammalian  protein,  cytochrome  c,  as  a  model  antigen.  He 
has  identified  groupings  of  one  to  nine  amino  acid  sequence  differences  that 
exist  among  a  variety  of  cytochromes  into  seven  potentially  antigenic  regions 
with  respect  to  their  mammalian  hosts,  and  based  this  on  the  amino  acid  se- 
quences and  the  spatial  configuration  of  the  protein.  He  has  demonstrated  that 
wherever  a  surface  amino  acid  sequence,  topographic  determinant  difference 
exists  between  the  immunogenic  cytochrome  and  the  cytochrome  of  the  host, 
antibody  will  be  elicited  which  will  specifically  react  with  the  area  carrying 
the  sequence  difference  of  the  immunizing  protein  as  well  as  with  any  other 
cytochrome  preparation  having  the  identical  structure  in  that  area.  Where 
there  is  no  difference  in  the  topographic  determinant  between  immunogen  and 
host,  no  antibody  will  be  produced,  but  this  same  preparation  can  be  rendered 
autoantigenic  with  antibody  being  produced  against  the  topographic  determinant 
when  accompanied  by  amino  acid  substitutions  elsewhere  in  the  molecule.  The 
iiiiplic.iLions  of  such  site-specific  autoimmune  responses  are   of  special  interest 
as  they  relate  to  certain  autoimmune  disorders. 
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3.  Lymp'^o^y.te.  f^1°l"j3y.  l"?' P) 

This  Special  Emphasis  Program  currently  supports  four  program 
projects,  each  a  mul tidisciplinary  research  effort  integrating  the  technical 
expertise  of  cell  culturists,  geneticists,  cellular  Immunol oglsts  and  immuno- 
chemists.  Their  combined  studies  are  designed  to  expand  knowledge  of  the 
morphologic  and  functional  heterogeneity  of  lymphocyte  populations  and  to  de- 
velop the  capability  for  identification  and  selection  of  lymphocyte  subpopula- 
tions  with  specific  immune  reactivity  or  antigenic  composition,  for  hybridiza- 
tion of  such  subpopulatlons  and  for  selective  production  of  specific  lymphocyte 
products.  The  goal  of  this  program  is  the  complete  knowledge  of  the  life 
history  of  Immunocompetent  cells  and  of  the  genetic  and  phenotypic  factors  that 
determine  their  fate  and  function  in  vivo  and  In  vitro. 

This  Special  Emphasis  Program  was  initiated  approximately  five 
years  ago  with  the  award  of  four  program  project  grants,  each  directed  toward 
the  goal  of  understanding  the  biology  of  the  lymphocyte  and  having  different 
but  complementary  approaches. 

The  program  project,  directed  by  Matthew  D.  Scharff  (AI  10702-06, 
Albert  Einstein  College  of  Medicine),  has  focused  its  approaches  on  the  mole- 
cular biology  and  somatic  cell  genetics  of  the  Immune  system  to  define  the 
genetic  and  molecular  control  mechanisms  of  immunoglobulin  synthesis,  the 
structure  and  synthesis  of  the  antigens  of  the  major  histocompatibility  complex 
(MHC),  and  the  functions  and  Interactions  of  T  and  B  lymphocyte  populations  and 
macrophages.  Dr.  Scharff 's  Program  has  been  productive  and  recently  has  been 
renewed  for  an  additional  five  years  of  support.  In  the  area  of  mechanisms 
controlling  Immunoglobulin  synthesis.  Dr.  Scharff  and  his  co-workers  have 
demonstrated  that  most  of  the  immunoglobulin  assembly  process  occurs  after  the 
polypeptide  chains  are  released  from  ribosomes,  with  the  H  and  L  chains  being 
assembled  into  complete  molecules,  and  that  L  chain  synthesis  did  not  require 
H  chain  synthesis.  In  other  studies  of  mutant  mouse  lymphocytes,  they  identi- 
fied structural  differences  in  the  protein  products  of  the  MHC  which  they 
attribute  to  structural  mutations  In  the  H-2  gene  region. 

The  approach  directed  by  Gerald  M.  Edelman  (AI  11378-05,  Rockefeller 
University)  centers  on  the  analysis  of  molecules  and  molecular  assemblies  in- 
volved In  the  control  and  recognition  of  antigenic  stimuli  at  the  surface  and 
within  the  cells  of  the  immune  system.  The  results  of  his  studies  have  pro- 
vided several  Insights  into  the  nature  of  recognition  and  control  events  In 
lymphocyte  function.  Of  special  interest  Is  his  evidence  for  the  existence  of 
a  surface  modulating  assembly  (SMA)  which  regulates  cell  surface  receptors  and 
mediates  transmembrane  signaling  for  functional  cellular  responses.  He  believes 
the  SMA  has  a  three-unit  structure  consisting  of  glycoprotein  surface  receptors 
that  penetrate  the  cell  membrane,  act1n-l1ke  microfilaments  and  associated 
proteins i  such  as  myosin,  which  coordinate  receptor  movement,  and  microtubules, 
interactive  with  these  proteins,  which  provide  anchorage  for  the  receptors  and 
propagate  signals  to  and  from  the  cell  surface.  The  results  of  these  studies 
With  a  variety  of  receptor-binding  substances,  including  antigens,  lead  to  the 
l^elief  that  the  SMA  serves  a  key  role  in  the  induction  of  the  immune  response 
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by  [jroviding  both  tho  means  tor  antii)t'ri  blrittirH)  on  I  he  Ci.-ll  surface  and  the  , 
transmission  of  inductive  signals  for  lymphocyte  .k.I.I v.itlon. 

The  program  project,  directed  by  Fritz  H.  Bach  (AI  11576-05, 
University  of  Wisconsin),  is  focused  on  T  lymphocytes,  particularly  their 
imiiiunorcfiiilatory  inochanisms  and  their  differentiation  and  response  to  antigens 
controlled  by  tfic  MIIC.  Ik*  has  developed  micromethods  for  studies  of  mouse  and 
human  mixed  leukocyte  cultures  (MLC)  and  cell-mediated  lympholysis  (CML)  reac- 
tions and  more  rapid  cellular  assays  for  measuring  responses  to  antigens  con- 
trolled by  the  products  of  the  HLA-D  locus.  Using  these  systems,  he  has  ob- 
tained evidence  for  a  dichotomy  of  expression  of  lymphocyte  defined  (LD)  and 
cytotoxic  defined  (CD)  antigens  which  provoke  responses  in  helper  and  cytotoxic 
lymphocyte  subpopulations  respectively;  the  combined  response  to  LD  and  CD 
antigens  leads  to  maximal  CML  reactions.  The  results  of  these  in  vivo  studies 
suggest  that  the  rapidity  of  thyroid  allograft  rejection  depends,  in  part,  on 
stimulation  of  the  recipient's  immune  system  by  LD  antigens.  The  group  has 
also  successfully  established  T  cell  hybrid  lines  between  mouse  T  lymphocytes 
and  a  continuous  fibroblast  cell  line,  and  has  demonstrated  that  in  such  hy- 
brids as  in  normal  T  lymphocytes,  there  are  membrane  T-specific  components 
expressed  on  the  cell  surface. 

Jonathan  W.  Uhr  (AI  11851-04,  University  of  Texas  Health  Science 
Center,  Dallas)  has  developed  a  broad  approach  for  analysis  of  T  and  B  cells 
and  their  interactions.  In  studies  of  lymphocyte-macrophage  interactions,  he 
found  that  immune  lymphocytes  were  bound  preferentially  to  macrophages  bearing 
specific  antigen,  with  relatively  no  binding  to  macrophages  bearing  irrelevant 
antigens.  This  cell  interaction  was  not  dependent  on  serum  antibody  absorbed 
to  macrophages  or  T  cells;  this  specific  binding,  believed  to  represent  the 
initial  event  in  antigen,  induced  T  cell  stimulation.  Studies  of  B  cell  popula- 
tions have  demonstrated  that  cell  surface  IgM  differs  from  secreted  IgM  in  that 
sIgM  contains  a  hydrophobic  sequence  in  the  H  chain  which  anchors  the  molecule 
in  the  membrane.  When  slgM-bearing  B  cells  are  stimulated  by  mitogen,  they 
enlarge  and  secrete  IgM.  In  contrast,  IgD-bearIng  B  cells  do  not  exhibit  an 
IgM  response  but,  instead,  undergo  blastogenesis  and  proliferation,  suggesting 
that  these  major  B  cell  subpopulations  perform  different  immune  functions. 
Other  studies  focused  on  the  primary  structure  of  cell  surface  antigens  under 
MHC  control  demonstrated  a  high  degree  of  structural  diversity  at  the  level 
of  amino  acid  sequence  which  is  consistent  with  the  known  polymorphism  of  the 
murine  histocompatibility  complex.  Of  Interest  was  the  observation  that  sig- 
nificant priiiidry  structural  homology  exists  between  the  murine  sequences  and 
the  amino  acid  sequences  of  human  transplantation  antigens.  Also  of  interest 
is  the  development  of  a  technique  for  identifying  protein  receptors  for  murine 
leukemia  viruses  on  the  surface  of  mouse  thymocytes.  Modification  of  this 
technique  has  permitted  isolation  of  the  viral  receptor  from  the  rest  of  the 
cell  surface  molecules  and  has  permitted  identification  and  characterization 
of  the  receptor.  The  receptor  has  been  identified  as  a  polypeptide  with  a 
molecular  weiqht  of  approx imatoly  23,000. 

The  overall  evaluation  of  this  Special  Emphasis  Program  indicates 
that  it  IS  progressing  satisfactorily  toward  its  goal.  The  four  existing  pro- 
grams have  been  successfully  organized  and  are  productive.  As  mentioned  earlier, 
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jDr.  Schav'ff's  procirain  has  undergone  peer  review  rticently  and  received  an 
Enthusiastic  recontmendatlon  for  rpnpwal  of  support.  Dr.  Bich  and  Or.  Edelman 
[have  submitted  renewal  applications  for  review  In  late  1977  and  Dr.  Uhr  1s 
expected  to  submit  a  renewal  application  In  mid-1978.  It  is  anticipated  that 
future  support  will  be  provided  by  the  Institute  to  those  which  receive  favor-. 
able  review  and  that  the  program  may  be  expanded  during  Fiscal  Year  1978  to 
include  one  or  two  new  program  projects. 

4.  Selective  Immunologic  Activation  (SEP) 

I  The  objective  of  this  Special  Emphasis  Program  is  to  achieve  the 

capability  for  selective  manipulation  of  the  Immune  response  in  order  to  pur- 
posely direct  host  responses  to  either  cell-mediated  Immunity  or  to  humoral 
antibody  production.  The  program  supports  individual  research  projects  con- 
cerned with  the  nature  of  interactions  among  immunocompetent  cell  populations, 
their  differential  susceptibility  to  modifying  agents  and  the  Influence  of 
variations  In  the  molecular  features,  dose  and  route  of  antigenic  stimulation 
on  functional  responses  of  T  and  B  cell  types.  The  content  of  this  program  is 
Intended  to  complement  that  of  the  Lymphocyte  Biology  Program  and,  as  such, 
■also  supports  individual  projects  concerned  with  lymphocyte  recognition  systems, 
activation,  and  suppression  mechanisms  and  includes  relevant  studies  of  pro- 
cesses leading  to  lymphocyte  differentiation,  maturation,  and  their  production 
of  biologically-active  substances  which  mediate  Immune  reactions. 

The  possibility  that  antibodies,  directed  against  the  receptor 
sites  of  other  antibodies,  may  have  a  role  in  regulating  the  immune  response, 
represents  a  feasible  approach  to  the  objectives  of  this  Special  Emphasis  Pro- 
gram. This  approach  is  based  on  the  principle  that  antibody  receptor  or  com- 
bining sites,  themselves,  bear  unique,  antigenic,  idiotypic  determinants  which 
can  Induce  antibody  production  in  animals  belonging  to  the  same  species.  The 
observation  that  antibodies  can  combine  with  the  receptor  sites  of  other  anti- 
bodies suggests  that  the  production  of  such  anti-idiotype  antibodies  might  be 
a  normal  event  that  modulates  the  degree  and  duration  of  the  immune  response. 
Extending  this  interpretation  to  the  evidence  that  lymphocytes  bear  receptor 
sites  on  their  surface  Identical  to  those  on  immunoglobulin  molecules,  anti- 
idiotype antibodies  could  prevent  contact  between  lymphocytes  and  their  specific 
antigens  or  even  cause  cell  death  thus  limiting  the  immune  response.  Admittedly, 
at  present,  there  is  little  direct  experimental  evidence  to  establish  the  exist- 
ence of  an  anti-idiotype  immunoregulatory  mechanism,  but  there  have  been  a 
number  of  successful  attempts  to  suppress  both  humoral  and  cellular  immune 
responses  by  passively  administering  anti-idiotype  antibodies  or  by  actively 
istimulating  their  production. 

Hans  L.  Wigzell  (AI  13485-02,  Uppsala  University)  has  demonstrated 
that  an  anti-idiotype  antibody  significantly  prolonged  the  survival  of  skin 
grafts  in  histoincompatible  strains  of  rats,  suggesting  that  anti-idiotype 
antibodies  cause  physical  elimination  of  cell  clones  in  the  recipient  which 
were  specifically  reactive  to  the  histocompatibility  antigens  of  the  donor. 
Alfred  Nisonoff  (AI  12908-03,  Brandeis  University)  has  demonstrated  that  the 
induction  of  an  antibody  response  can  be  prevented  in  neonatal  or  adult  mice 
)y  administration  of  rabbit  anti-idiotype  antibodies  prior  to  immunization; 
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the  ininimuiii  interval  for  optinuil  rintibody  suppression,  lie  has  also  demonstrated 
that  immunologic  memory  can  be  suppressed  by  anti-idiotype  dntibodies  in  mice 
that  had  received  a  single  priming  dose  of  antigen.   In  related  studies,  K.   I 
Heinz  Kohler  (AI  11080-05,  University  of  Chicago)  has  successfully  isolated  '■ 
and  purified  anti-idiotype  antibody  and,  in  examining  its  biological  activity 
in  mice,  has  found  that  the  in  vitro  production  of  antibody  by  B  cells  was 
suppressed  by  the  purified  preparations.  He  has  also  demonstrated  that  the 
suppression  is  not  restricted  to  a  single  class  of  immunoblobul in,  provided 
that  the  idiotype  is  shared  by  immunoglobulins  of  the  different  classes. 

The  experimental  manipulation  of  the  immune  response  by  tolerance 
induction  has  been  recognized  as  a  potential  means  of  immune  intervention 
clinically  and  its  use  is  being  explored  for  selective  manipulation  of  immune 
responses.  David  W.  Scott  (AI  00093-02  and  AI  10716-06,  Duke  University),  while 
exploring  the  mechanisms  of  tolerance  induction  in  model  antigenic  systems, 
has  found  that  rats,  treated  with  a  single  high  dose  of  protein  antigen,  be- 
come specifically  tolerant  to  a  subsequent  immunogenic  challenge  with  the 
same  protein.  This  -^orm  of  immunologic  unresponsiveness  was  long  lasting  and 
affected  helper  T  cells  involved  in  IgG,  IgM,  and  IgE  antibody  responses. 
Results  of  adoptive  transfer  studies  suggest  that  the  reduction  in  helper  cell 
function  is  not  mediated  by  suppressor  cells  but  reflects  tolerance  induction 
in  precursor  helper  T  cells.  Another  approach,  using  chemically  modified  lym- 
phoid cells  as  antigens,  simultaneously  inducing  unresponsiveness  in  B  cells 
and  stimulating  the  production  of  cytotoxic  T  cells  against  these  altered  lympho- 
cytes, is  being  explored  for  application  in  the  graft  rejection  phenomenon.  A 
collaborative  effort  by  John  W.  Moorhead  (AI  00125-02,  University  of  Colorado) 
and  Jacques  M.  Chiller  (AI  00133-02,  National  Jewish  Hospital  and  Research 
Center,  Denver)  has  led  to  the  demonstration  that  variations  in  the  nature  of 
the  tolerance-inducing  antigen  may  affect  different  lymphocyte  populations  and, 
hence,  may  have  different  immunoregulatory  effects.  The  results  of  Dr.  Chiller'? 
studies  (AI  13131-02)  of  tolerance,  induced  by  haptens,  indicate  that  when  they 
are  coupled  to  protein  carriers  and  employed  for  tolerance  induction,  the  re- 
sulting tolerant  state  is  restricted  to  B  cells  and  is  T  independent.  In  paral- 
lel studies  (AI  12993-02),  Dr.  Moorhead  has  found  that  tolerance,  induced  by 
the  free  hapten,  is  restricted  to  the  T  cell  population  mediating  contact  sensi- 
tivity and  does  not  affect  B  cell  function  or  helper  T  cell  function. 

Variations,  in  the  form  in  which  antigens  can  be  presented  for 
immunization,  have  also  been  found  to  selectively  affect  the  immune  response.  . 
Stephen  C.  Kinsky  (AI  09319-07,  Washington  University)  has  demonstrated  that 
a  synthetic  antigen,  incorporated  into  a  liposome,  a  synthetic  lipid  membrane, 
c.in  Induce  hol.h  humoral  and  cellular  immune  responses  when  injected  into  guinea 
|iii|'.,,  while  lilt'  .>nL1i)e(i,  whuii  itijected  alone,  induces  only  cell  mediated  im- 
iiiuiilLy.   Ihe  .ipplication  ol  this  approach  to  Selective  liDiiiunologic  Activation 
appears  aLlracLive  because  liposomal  immunogens  provide  a  convenient  method 
for  controlling  antigen  concentration,  molecular  complexity  of  antigenic  de- 
terminants, and  their  chemical  environment;  these  parameters  can  be  simply  re- 
gulated by  varying  the  composition  of  the  lipid  mixture  used  in  the  generation 
of  the  liposome. 
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Evidence  also  has  been  provided  that  regulation  of  Immune  responses 
may  be  attained  by  use  of  Immune-enhancing  and  -suppressing  mediator  factors. 
Arnold  S.  Rubin  (AI  12752-03,  University  of  Texas,  Austin)  has  demonstrated 
that  cell-free  fluids  of  activated  cultures  of  mouse  T  cells  contain  soluble 
enhancing  and  suppressive  factors;  the  former  augmenting  antibody  responses  of 
cultured  immune  B  cells  and  capable  of  replacing  T  cell  helper  activity.  In 
contrast,  the  latter  has  been  found  to  significantly  suppress  the  induction  of 
a  primary  IgM  response  in  cultured  B  cells.  The  use  of  such  factors  in  vivo 
for  effective  and  selective  regulation  of  the  immune  response  is  now  under 
investigation. 

This  Special  Emphasis  Program  is  judged  to  be  making  satisfactory 
progress  toward  its  goal.  Several  potentially  useful  approaches  to  Selective 
Immunologic  Activation  are  currently  being  evaluated  experimentally  in  vivo 
s"*^  iil  vitro  and  other  approaches  are  in  the  development  stage. 
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-III.      GEr^ETICS  AND  TRANSPLANTATION  BIOLOGY  IJRANCH 

A.  Scope 

The  successful  outcome  of  organ  transplantation  is  dependent  upon 
several  factors  which  are  still  only  partially  understood.  It  is  hoped  that 
;through  research  on  the  systems  which  control  the  specific  antigenic  configura- 
itions  of  the  membranes  of  the  tissue  cells  we  will,  in  time,  be  able  to  select 
jthe  suitable  donor  for  the  waiting  recipient  in  such  a  way  that  no  immune  re- 
jsponse  will  interfere  with  the  acceptance  and  long  term  function  of  the  graft. 

The  research  programs  necessary  to  achieve  this  goal  fall  into  several 
Interrelated  areas  -  all  dealing  with  the  nature,  origin  and  function  of  the 
genes  of  the  histocompatibility  systems  of  man  (HLA)  and  the  laboratory  mairmials. 
Since  no  part  of  immunology  can  develop  in  proper  proportion  without  an  aware- 
ness of  the  phylogenetic  or  ontogenetic  development  of  the  cell  or  organ  systems 
involved,  it  is  also  cogent  to  study  the  similarities  and  differences  in  immune 
function  in  all  animals,  from  the  invertebrates  through  the  non-human  primates 
to  man.  It  is  through  the  recognition  of  evolutionary  changes  that  we  may  gain 
insight  into  the  behavior  of  the  human  immune  response  and  in  time  learn  to 
control  it. 

B.  Program  Areas  and  Highlights 

1 .  Histocompatibility  Systems 

a  .  H LA  Sy^t ?!il  j  1  Man 

There  is  a  single  chromosomal  region  in  man,  as  well  as  in 
all  other  iiiamalian  species  studied  in  depth,  in  which  is  concentrated  a  group 
of  genes  controlling  a  wide  array  of  immunobiologic  phenomena.  These  genes, 
arranged  in  linear  order  on  chromosome  6  of  man,  comprise  the  major  histocom- 
patibility complex  (MHC),  and  the  four  genes  which  may  be  of  great  significance 
for  organ  transplantation  are  called  human  leukocyte  antigens  (HLA).  Although 
we  tend  to  be  distracted  by  the  importance  of  HLA  in  organ  transplantation,  the 
MHC  region  is  also  involved  in  determining  immune  responsiveness,  lymphocyte 
differentiation,  resistance  to  disease  and  perhaps  other  phenomena  which  were 
of  evolutionary  significance  in  selection  for  survival  of  the  more  biologically 
fit  human  populations.  The  number  of  combinations  which  can  be  achieved  in  the 
human  population  with  four  loci,  each  of  which  have  a  finite  but  large  number 
pf  alleles,  is  of  such  magnitude  that  individuality  is  assured.  It  is  this 
biologically  significant  individuality  which  makes  for  difficulty  in  selecting 
jthe  proper  donor-recipient  combinations  to  assure  the  survival  of  a  transplanted 
tissue  or  orgon. 

;  These  HLA  loci  are   calles  HLA-A,  HLA-B,  HLA-C,  and  HLA-D,  and 

JFor  the  present,  the  A,  B,  and  C  loci  may  be  classified  into  the  serologically 
Refined  loci  (SD)  based  on  the  use  of  antiserums,  vn  yjjtro,  to  detect  the  cell 
surface  antigens;  the  D  locus-controlled  membrane  configurations  are  detected 
by  lymphocytp  proliferative  activity  in  mixed  cultures  of  peripheral  blood 
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lymphocytes  from  two  different  individuals.  This  latter  test  (the  MLC)  can  be 
said  to  define  the  leukocyte  derived  (LD)  antigens. 

AL  present,  we  can  recognize  that  there  is  a  series  of  alleles 
at.  each  of  ttio  four  loci,  but  the  common  practice  today  in  donor-recipient 
typinc)  is  based  on  recoqtii  fion  of  the  alleles  at  the  HLA-A  and  HLA-B  loci. 
Since  each  individual  has  paired  chromosomes,  there  will  be  the  potential  for 
detection  of  two  alleles  at  the  A  locus  and  two  alleles  at  the  B  locus  in  both 
donor  and  recipient.  The  ideal  match  for  donor  and  recipient  occurs  when  each 
of  the  alleles  at  the  A  and  the  B  loci  of  the  donor  is  identical  to  the  alleles 
at  the  A  and  the  B  loci  of  the  recipient.  If  the  donor  kidney  is  of  cadaver 
origin,  there  is  a  finite,  but  low,  possibility  of  finding  a  4-antigen  match; 
that  is,  when  the  two  possible  alleles  at  the  A  locus  and  the  two  alleles  at 
the  B  locus  are  identical.  There  are,  however,  several  difficulties  which 
are   the  subject  of  research. 

If  the  alleles  of  the  donor  or  the  recipient  are  in  a  group 
for  which  we  have  no  effective  typing  sera,  we  are  unable  to  determine  all  four 
alleles  in  the  donor  or  the  recipient;  we  cannot,  therefore,  be  assured  that 
the  donor-recipient  match  is  such  that  the  immune  response  will  be  minimal. 
Thus,  there  is  a  need  for  continued  effort  to  develop  typing  sera  which  detect 
the  so-called  "blanks".  A  study  by  Frances  E.  Ward  (AI  12155-03,  Duke  Uni- 
versity) is  designed  to  seek  out  typing  sera  which  will  reduce  the  number  of 
"blanks"  in  the  black  population.  In  this  program.  Dr.  Ward  and  her  group 
have  succeeded  in  identifying  HLA-A  and  HLA-B  locus  specificities  in  approx- 
imately 95%  of  the  black  persons  typed,  thus,  anticipating  better  organ  and 
tissue  matching  will  thereby  be  achieved  for  their  black  transplant  patients. 
Since  the  HLA-C  and  HLA-D  specificities  in  the  black  population  are  not  yet 
well  defined,  improvement  in  typing  for  these  loci  is  a  continuing  objective 
of  the  project. 

Another  approach  to  improvement  of  the  typing  procedure  is 
to  attempt  to  improve  the  quality  of  the  typing  sera.  Dennis  B.  Amos  (AI 
08897-09,  Duke  University)  and  his  colleagues  have  been  developing  more  sen- 
sitive assays  for  the  alloantigens  associated  with  the  surface  of  lymphocytes 
by  separating  HLA  sera  by  isoelectric  focusing.  When  each  of  the  peaks  obtained 
from  several  sera  was  tested  for  specificity,  some  separation  of  cross-reactive 
antibody  was  obtained.  This  approach  to  elimination  of  cross  reactivity  has 
promise  of  eliminating  some  of  the  error  in  HLA  typing  and  of  giving  more 
exact  definition  of  the  specificities  associated  with  an  HLA  allele. 

Several  investigators  have  looked  for  improved  typing  by 
rplying  on  a  differpnt  source  of  typing  sera.  Thr  major  advance  in  tissue 
fypinr)  occurrod  with  the  ol)r>rrvat ion  that  pregnancy  in  human--,  results  in  the 
.ip|j(.'urdnc,('  in  I  he  iiiuLhei''^  lucrum  of  antibodies  ayainst  the  leukocytes  of  the 
fetus,  the  ariLlyenic  difleretices  -stimulatory  to  the  mother  representing  those 
antigens  present  in  the  fetus  as  the  result  of  the  father's  genetic  contribu- 
tion. The  mother's  genetic  contributions  are  not,  of  course,  recognized  as 
foreign  constituents  of  the  fetus.  These  pregnancy  sera  provide  the  reliability, 
variety,  and  quantities  necessary  to  sustain  the  world-wide  typing  program  in 
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iwhich  the  NIAID  Serum  Bank  is  a  major  factor.  Most  of  the  pregnancy  sera 
present  some  difficulty  for  typing  because  they  usually  contain  a  wide  array 
jof  anti-leukocyte  antibodies  which  detect  strong  as  well  as  very  weak  antigens. 
iComplex  computer  programs  are  used  to  analyze  the  pattern  of  reactions  obtain- 
led;  in  reality,  typing  is  based  on  a  best  estimate  of  the  alleles  detected. 
Alt.prnate  source,  of  human-origin  typing  sera,  including  graft  rejecting  pa- 
itients,  deliberately  Immunized  volunteers  or  patients  receiving  clinically- 
necessary  repeated  blood  transfusions,  result  in  the  same  cross  reactivity 
problem. 

Alternate  non-human  sera,  called  xenoantisera,  in  contrast 
to  the  term  alloantisera  (of  human  origin),  are  usually  prepared  by  injecting 
known  typed  tissues,  cells  or  cell  fractions  into  a  convenient  animal  and  then 
absorbing  out  and  discarding  the  antibodies  which  are  not  specific  to  the  in- 
dividual immunizing  cell.  Projects  by  Soldano  Ferrone  (AI  13154-02,  Scripps 
Clinic  and  Research  Foundation)  rely  on  xenoantisera  for  the  development  of 
HLA  determinants  on  the  membrane.  He  has  continued  attempts  to  refine  testing 
procedures  via  xenoantisera,  monospecific,  if  possible,  by  inoculating  rabbits 
with  purified  HLA  antigen  derived  from  human  serum.  In  order  to  develop  useful 
reagents  and  methods  to  study  the  antigenic  profile  of  the  human  lymphoid  cell 
surface,  Ralph  A.  Reisfeld  (AI  10180-07,  Scripps  Clinic  and  Research  Foundation) 
produced  a  highly  potent  monospecific  antiserum  to  human  beta-2  microglobulin 
in  a  cow  giving  the  large  amounts  used  to  prepare  immunoabsorbents  effective 
in  HLA  antigen  work.  Lawrence  A.  Wilson  (AI  11907-03,  Louisiana  State  Univer- 
sity), also  characterizing  HLA  components  on  the  cell  surface  with  xenoantisera, 
has  shown  that  the  xenoantisera  are  not  all  consistent,  some  detecting  the  same 
molecules  defined  by  the  HLA  alloantisera  but  other  xenoantibodies  detecting 
determinants  on  molecules  different  from  those  molecules  defined  by  HLA  antibody. 

The  usefulness  of  xenoantibody  for  clinical  typing  is  still 
not  clear.  Although  xenoantisera  have  been  prepared  by  several  investigators, 
they  have  not  become  substitutes  for  the  rare  reagents  for  human  HLA  typing; 
they  have,  however,  been  wery   useful  in  studying  antigen  structure. 

b.  MLC  Testing 

At  present,  there  are  indications  of  a  differential  in  the 
importance  of  the  four  HLA  loci  in  inducing  an  immune  response  to  antigenic 
differences  between  donor  and  recipient.  There  is  evidence  that  of  the  A  and 
B  locus,  the  B  locus  difference  may  be  more  significant  in  graft  acceptance 
or  rejection  and  that  differences  at  the  C  locus  and  the  D  locus  may  be  of 
great  significance.  The  alleles  at  the  D  locus  are,  at  present,  determined 
by  a  test  based  on  the  i_n  vivo  interaction  of  the  lymphocytes  of  the  donor 
and  recipient.  This  test,  called  the  mixed  lymphocyte  culture  reaction  (MLC), 
jpresents  several  problems  which  are  being  investigated  by  Fritz  Bach  (AI  08349- 
!00,  University  of"  Wisconsin).  The  first  is  whether  mismatch  at  the  D  locus  is 
^oing  to  lead  to  rejection.  Equally  important  is  understanding  the  significance 
pf  variation  in  the  level  of  response  to  a  stimulator  cell  from  individuals 
with  different  degrees  of  relationship  to  the  responders. 
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If  the  D  locus  match  is  essential  to  success,  the  length  of 
time  it  takes  to  do  the  MLC  test  must  be  reduced  from  the  present  several  day 
span  to  a  much  shorter  time  so  that  cadaver  grafts  are  feasible.  The  storage 
period  for  cadaver  kidneys  is  limited  and,  as  presently  constituted,  the  MLC 
test  is  not  suitable.  The  work  by  Dr.  Bach  and  his  group  has  led  to  modifica- 
tion of  the  test  to  improve  its  breadth,  shorten  its  execution  time  and  deter- 
mine its  value  for  clinical  kidney  transplantation.  The  development  of  the 
much  accelerated  test  called  the  primed  lymphocyte  typing  (PLT)  test  was  re- 
ported by  Drs.  Sheehy  and  Bach  and  has  been  the  subject  of  continued  investi- 
gation. At  present,  this  test  and  a  variant  called  the  pooled  primed  lympho- 
cyte test  (PPLT),  combined  with  the  use  of  homozygous  typing  cells,  are  being 
refined  so  that  it  can  be  applied  in  clinical  studies  of  the  role  of  HLA-D  in 
kidney  graft  survival. 

By  the  use  of  a  modified  procedure  for  preparing  the  PLT 
stimulator  cells.  Dr.  Bach  has  found  that  the  test  can  detect  determinants  at 
the  HLA-D  region  and  is  not  picking  up  determinants  of  the  weaker  LD  locus  be- 
tween HLA-A  and  HLA-C  nor  possible  antigens  determined  by  genes  segregating 
independently  of  HLA. 

The  one-way  MLC  reaction  has  some  unusual  properties  not 
observed  in  the  serological  definition  of  HLA  antigens.  In  using  Fl  hybrid 
spleen  cells  as  responder  cells  to  mitomycin  treated  parental  spleen  cells 
stimulation,  there  is  a  measurable  increase  in  response  when  compared  to  an 
Fl  stimulator  cell.  Bryan  M.  Gebhardt  (AI  12176-03,  University  of  Florida) 
has  found  that  the  Fl  T  lymphocytes  are  necessary  for  the  reaction  but  parental 
T  cells  are  not  involved.  The  parental  B  cells  appear  to  play  a  role  in  the 
stimulation.  Fl  lymphocyte  recognition  of  parent  cells  occurs  irrespective 
of  the  age  of  the  Fl  animal  studied. 

In  efforts  to  provide  detailed  information  on  the  cells  which 
recognize,  infiltrate  to  and  rpject  allografts  in  the  rat,  Samuel  L.  Kountz 
(AI  12824-02,  SUNY  Downstate  Medical  Center,  Brooklyn),  using  the  MLC  in  which 
mitomycin  treated  kidney,  liver,  skin,  or  heart  cells  are  the  stimulators  and 
lymph  node  lymphocytps  sorve  as  responders,  found  that  non-treated  tissue  cells 
inhibited  the  lyiiiphocyte  response.   In  his  search  Tor  organ  specific  an  Li  yens 
other  than  those  belonging  to  the  rat  major  histocompatibility  locus  (Ag-B), 
he  studied  rat  strain  combinations  compatible  at  this  locus  where  the  standard 
MLRs  are  always  negative  and  concluded  that  the  MLR  has  no  predictable  value 
for  skin  or  heart  graft  rejection  in  Ag-B  identical  pairs.  Further,  the  skin 
and  heart  organ  specific  antigens  appear  to  be  controlled  by  genes  which  se- 
gregate independently  of  the  Ag-B  system.  Dr.  Kountz  has  shown  rather  con- 
clusively that  skin,  heart,  kidney,  and  liver  cells  possess  antigens  which  can 
stimulate  Ag-B  compatible  lymphocytes.. 

The  potential  importance  of  the  MLC  test  for  organ 
transplantation  has  stimulated  a  number  of  NIAID  supported  investigators  to 
turn  to  this  test  system  to  study  mechanisms  responsible  for  the  activation 
of  the  DNA  synthesis  in  the  stimulated  cell  and  to  look  at  this  system  for 
evidence  that  the  behavior  of  the  cells  participating  in  the  reaction  relates 
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ito  the  differentiation  of  lymphocytes  into  several  subclasses,  including  B 
'cells,  T  cells,  suppressor  cells  or  helper  cells.  For  the  investigation  of 
jthese  cells,  the  most  convenient  test  is  the  in  vitro  cell  mediated  lympholysis 
i(CML)  assay,  a  variant  of  the  MLC,  but  not  dependent  on  radioactive  tritiated-: 
'thymidine  incorporation  into  the  DNA  of  the  responding  cell.  What  is  sought 
is  evidence  that  some  of  the  responder  lymphocytes  become  effector  lymphocytes 
which  are  capable  of  killing  target  cells  (seen  as  lysis)  that  have  the  same 
antigenic  configuration  as  the  stimulator  cell. 

!  c.  B  Cell  Typing 

The  MLC  determined  antigens,  controlled  by  the  HLA-D  locus, 
have  been  characterized  by  measuring  the  ability  of  one  set  of  lymphocytes  to 
stimulate  DNA  synthesis  in  a  responder  set  of  lymphocytes.  As  discussed  above, 
'the  test  has  yielded  much  interesting  information  but  requires  large  numbers  of 
cells  and  long  periods  of  incubation.  In  addition  to  the  efforts  to  understand 
the  mechanisms  of  the  cellular  interactions  and  to  speed  up  the  test,  a  number 
'of  NIAID  supported  investigators  have  become  interested  in  developing  serologi- 
cal techniques  to  detect  the  HLA-D  antigens.  This  work  is  based,  in  part,  on 
the  observation  in  the  mouse  that  a  portion  of  the  H"2  complex  of  genes,  called 
the  la  region,  controls  determinants  on  the  B  lymphocytes  which  are  detected 
by  H-2  alloantisera  and  appear  to  relate  to  MLC  gene  control. 

The  search  for  human  B  cell  antibodies  has  been  very 
successful;  and,  although  most  of  the  work  is  in  the  early  stages,  the  results 
so  far  indicate  that  the  next  advances  in  histocompatibility  typing  will  come 
from  the  B  cell  investigations.  There  are  strong,  clear  suggestions  that  the 
B  cell  antigens  of  man  are  controlled,  at  least  in  part,  by  the  same  HLA-D 
genes  that  control  the  MLC  reaction.  There  is  also  evidence  developed  that  B 
cell  antigens  may  play  a  significant  role  in  transplantation  success  or  failure 
as  well  as  being  associated  with  resistance  or  susceptibility  to  disease. 

If  further  research  confirms  these  preliminary  findings, 
then  a  simple  serological  test  can  be  developed  for  the  HLA-D  determined 
antigens  which  will  greatly  facilitate  the  isolation,  molecular  identification 
and  chemical  characterization  of  these  cell  surface  markers  and  the  selection 
of  donor-recipient  combinations  compatible  for  B  cell  antigens  in  clinical 
transplantation. 

The  research  that  is  presently  going  on  under  support  of 
this  Institute  falls  into  several  areas  including  the  following: 

1.  The  separation  of  subpopulations  of  human  lymphocytes  by 

frocedures  which  are  not  overly  complicated,  do  not  damage  the  cells  and  yield 
elatively  pure  populations. 

i  2.  The  acquisition  and  evaluation  of  B  cell  typing  sera  free 

Of  HLA-A  and  HLA-B  reactivity  and  the  development  of  reliable  testing  techniques. 
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3.  The  nature  of  the  genetic  control  of  the  B  cell  antigens. 
Is  there  more  than  one  locus  involved?  Is  there  a  1:1  relationship  between 
genes  controlling  B  cell  antigens  and  the  HLA-D  locus:  If  there  are  two  B 
cell  loci,  are   they  both  in  the  MHC? 

4.  The  molecular  and  chemical  structure  of  the  soluble  B 
cell  antigens  and  the  comparison  of  this  structure  with  that  of  the  HLA-A  and 
HLA-B  soluble  antigen. 

5.  The  role  that  these  antigens  play  in  transplantation  and 
other  immunologic  phenomena  dependent  on  cell  recognition,  interaction  and 
differentiation. 

5.  The  adherence  of  the  B  cell  antigens  to  the  model  of 
la  antigens  of  the  mouse. 

d .  B  Cell  Enrichment 

The  peripheral  blood  cell  population  consists  of  several 
subsets  of  lymphocytes,  each  of  which  may  have  determinants  on  the  surface 
membrane  unique  to  the  subset,  reflecting  the  functional  or  developmental 
differences  between  subsets.  In  order  to  test  the  subsets  serologically,  it 
has  been  necessary  to  separate  the  subsets  prior  to  testing.  The  process  of 
concentrating  or  enriching  the  population  of  B  cells  has  been  studied  by 
Dr.  Ferrone  (cited  above)  and  by  Dr.  Amos  (cited  above).  Dr.  Ferrone  combines 
the  lymphocytes  with  treated  sheep  red  blood  cells  so  that  T  cell  rosettes  re- 
sult for  separation  of  the  rosetted  cells  from  the  non-rosetted  cells  on  a 
gradient  giving  good  yields  of  both  T  cells  and  B  cells.  Dr.  Amos  uses  a 
sheep  erythrocyte  monolayer  for  separating  the  T  and  B  cells,  attaching  sheep 
colls  to  pla'-.tic  Petri  dishes  with  poly-L-lysine  and  then  adding  the  peripheral 
lymphocytes.  The  cells  with  Fc  receptors  adhere  (the  B  cells),  the  cell  suspen- 
sion rich  in  T  lymphocytes  washes  off  and  the  adherent  cells  are   recovered 
following  the  lysis  of  the  sheep  red  cells.  Both  methods  are  being  used  for 
isolation  of  soluble  B  cell  antigens. 

Many  typing  laboratories  are  now  looking  at  B  cell  antigens 
and  the  drive  at  this  time  is  for  acquisition  of  additional  sera  which  show 
anti  B  cell  activity.  A  major  source  of  new  sera  has  been  blood  bank  programs 
which  do  histocompatibility  typing  as  part  of  their  platelet  transfusion  service. 
The  programs  at  the  Milwaukee  Blood  Center,  directed  by  Rene  J.  Duquesnoy 
(AI  12507-03),  provide  a  iDodel  for  this  activity.  The  bank  has  expanded  its 
computer  program  for  HLA  typing  to  include  B  cell  specificities,  more  than  40 
B  cell  specific  alloantisera  identified,  several  of  them  showing  strong  associ- 
ation with  HLA-D.  These  sera  are  now  being  characterized  in  two  additional 
Centers  as  well  as  being  included  for  analysis  on  a  much  larger  scale  at  the 
International  Workshop  (supported  by  the  NIAID)  to  be  convened  in  September 
1977. 

Aru)tlu>r  '^tudy  l)y  Dr.  Duquesnoy  U-itod  above)  has  indicated 
the  presence  of  B  cell  specific  a  I loantibodies  in  several  sera  containing 


jantibodies  reactive  with  immunoglobulin  allotypic  determinants.  This  finding 
is  of  great  interest  because  many  of  the  alloantisera  were  obtained  from  non- 
transfused  donors  and  because  B  cells  carry  immunoglobulin  surface  determinants. 
An  additional  contribution  from  this  program  has  been  the  acquisition  of  several 
donors  of  homozygous  typing  cells  (HTC).  These  individuals  have  been  shown  by 
typing  tests  to  be  homozygous  for  alleles  at  the  HLA-D  locus.  HTC's  are  being 
iused  internationally  to  serve  as  reference  cells  in  the  MLC  so  that  not  only 
are  donor-recipient  comparisons  possible  but  the  identification  of  specific 
alleles  can  be  carried  out.  The  HTC  approach  has  been  a  major  advancement  in 
the  standardization  of  the  genetics  of  the  HLA-D  antigens. 

Dr.  Ferrone  (cited  above)  has  been  attempting  to  prepare 
both  alloantisera  and  xenoantisera  for  typing  of  B  cell  antigens  as  well  as 
studying  the  molecular  structure  of  soluble  B  cell  antigens.  He  has  obtained 
alloantisera  from  subjects  exposed  to  sensitization  by  extrinsic  histocompati- 
bility antigens  from  pregnancy,  blood  transfusion  or  kidney  allografts.  The 
sera,  selected  because  they  lacked  cytotoxic  antibody  to  a  panel  of  peripheral 
lymphocytes,  were  then  tested  against  a  panel  of  10  cultured  human  lymphoid 
cell  lines  in  a  search  for  distinct  patterns  of  reaction.  The  sera  finally 
selected  for  broader  evaluation  were  those  that  showed  quite  restricted  specifi- 
city. Similarly,  with  xenoantisera  prepared  in  rabbits  by  the  injection  of 
partially  purified  cultured  human  B-cell  lines,  absorbed  with  cultured  human 
melanoma  cells  and  then  tested  for  specific  activity,  at  least  three  behave 
like  alloantisera  to  B  cell  antigens. 

In  additional  work,  Jean  Dausset  (AI  09293-17,  University  of 
Paris)  has  been  interested  in  the  B  locus  and  has  several  sera  which  delineate 
five  alleles  in  the  series.  He  has  also  discovered  a  second  B  lymphocyte  anti- 
gen which  is  not  HLA  linked. 

Roy  Walford  (AI  10088-06,  University  of  California,  Los 
Angeles)  has  been  able  to  define  by  serological  techniques  at  least  22  alloanti- 
genic  factors  of  the  B  cell  system  and  has  suggested  that  they  fall  into  two 
(possibly  more)  segregant  series  which  are  linked  to  the  HLA  system.  Statisti- 
cal correlations  have  been  found  between  the  B  cell  types  and  the  HLA-D  locus. 

Ronald  J.  Billing  (AI  12366-03,  University  of  California, 
Los  Angeles)  and  his  group  have  found  that  B  antibodies  are  present  in  the 
serum  following  kidney  graft  rejection  but  it  is  possible  that  these  antibodies 
are  the  products  of  rejection  rather  than  the  cause.  From  animal  studies,  it 
.appears  that  B  antibodies  may  in  fact  be  enhancing.  In  a  screen  of  over  400 
pregnancy  sera  against  T  and  B  lymphocytes,  34  were  selected  which  appeared  to 
react  with  five  different  B  lymphocyte  alloantigen  specificities.  Four  of 
these  specificities  labelled  Bl ,  B3,  B4,  and  B5,  were  also  found  to  be  present 
on  cultured  B  cells  and  certain  leukemic  cells.  Approximately  70%  of  patients 
with  acute  myelocytic  leukemia,  and  over  90%  of  patients  with  chronic  lympho- 
icytic  leukemia  had  leukemia  cells  which  expressed  B  cell  antigens.  One  of  the 
■B  groups,  B2,  was  absent  from  leukemia  cells  and  cultured  B  cell  lines.  Whether 
lor  not  there  is  a  common  underlying  reason  linking  resistance  to  leukemia  and 
|the  ability  of  a  cell  to  be  cultured  is  not  clear,  but  a  virus  may  be  the 
I 
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common  link.  Dr.  Billing  has  a  great  deal  of  faith  in  rabbit  anti  B  cell 
antisera.  His  B  cell  xenoantisera  appear  to  react  with  the  same  target  cells 
as  the  human  anti-B  cell  antisera,  namely,  the  B  lymphocytes,  cultured  B  cell 
lines  and  approximately  70'/  of  leukemia  cells.  It  appears  that  the  rabbit  sera 
were  reacting  with  a  common  non-variable  region  of  the  molecule  carrying  the 
B  alloanti()enic  determinant.  Dr.  Billing  finds,  as  do  the  other  investigators, 
that  the  native  B  alloantigen  has  a  molecular  weight  of  65,000  and  is  composed 
of  two  polypeptide  subunits.  ?7,000  and  35,000  daltons. 

e .  Antigenic  Structure 

One  approach  to  understanding  the  origin,  function  and 
interrelationship  of  the  cells  carrying  histocompatibility  or  cell  specific 
antigens  is  through  analysis,  by  molecular,  biochemical,  and  immunologic 
methods  of  the  primary  structure  of  the  protein  products  which  result  from 
the  synthesis  controlled  by  the  histocompatibility  genes.  The  thorough 
knowledge  of  the  molecular  structure  and  chemical  composition  of  the  surface 
markers  when  correlated  with  complete  information  as  to  their  biological  func- 
tions will  clarify  the  role  of  cell  membranes  in  physiological  and  pathological 
conditions. 

Drs.  Ferrone  and  Reisfeld  (cited  above)  have  isolated  the 
HLA-A9  antigen  from  serum  and  have  purified  it  more  than  100  fold  by  precipi- 
tating the  high  density  lipoproteins  with  polyanions  and  then  u1 tracentrifuging 
the  resulting  product.  The  antigen  consists  of  45,000  molecular  weight  heavy 
chains  associated  with  a  beta-microglobulin.  Immunologically  functional  HLA-A9 
antigen  was  also  isolated  from  urine  and  was  found  to  consist  of  a  glycoprotein 
with  a  molecular  weight  of  38,000  and  a  beta-2-microglobul in  with  a  molecular 
weight  of  12,000. 

Dr.  Amos  (cited  above)  also  has  studied  antigen  solubilized 
from  1  yinptiohlcjstoid  cell  lines.  The  fractions  derived  from  lymphoblastoid 
lines  but  not  from  peripheral  cells  showed  weak  stimulation  of  target  lympho- 
cytes and  gave  rise  to  a  killer  cell  population  of  cells  with  broad  specificity. 

In  a  large  group  effort.  Jack  L.  Strominger  and  his  co-workers 
(AI  10736-03,  Harvard  University)  have  developed  methods  for  purification  and 
analysis  of  several  HLA  antigens  from  cultured  human  lymphocyte  lines.  Their 
purpose  has  been  to  sequence  the  heavy  chains  of  several  HLA  antigens  to  de- 
termine the  extent  of  sequence  homology  to  human  immunoglobulins  and  the  mode 
of  insertion  of  these  structures  into  lymphocyte  membranes. 

Dr.  Strominger  (cited  above)  has  also  investigated  the  product 
of  the  HLA-D  locus  on  the  assumption  that  it  is  a  B  lymphocyte  specific  antigen. 
Functional  and  structural  studies  show  that  in  pure  form  the  antigen  consists 
of  two  polypeptide  chains  and  that  immunological  activity  apparently  requires 
the  assoe  id  I  i(ui  of  Lho  Lwo  ctidins.  since  separated  .c  ha  itr.,  .irc  individually 
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linactive.  The  HLA-D  antigens  are  structurally  related  to  products  of  the    ' 
!HLA-A  and  HLA-B  loci. 

!  In  a  manner  quite  similar  to  those  mentioned  already,  Dr. 

JBilling  (cited  above)  has  been  quite  successful  in  purifying  and  characterizing 
JHLA-A9  from  serum.  This  HLA-A9  antigen  has  a  serum  level,  in  an  individual 
with  thi§  histocompatibility  allele,  from  4  to  16  times  higher  than  other  HLA 
^antigens.  He  also  found  the  antigen  present  in  the  high  density  lipoprotein 
^fraction  of  the  serum  and  was  able  to  determine  that  it  has  a  molecular  weight" 
of  52,000  daltons  before  digestion  but  45b000  daltons  after  digestion.  These 
Iweights  are  very  close  to  those  reported  by  Drs.  Ferrone  and  Reisfeld  (cited 
above)  for  serum  and  cell  membrane  HLA  antigen.  Dr.  Billing  found  no  evidence 
of  the  dimeric  structure  suggested  by  others  for  cell  membrane  HLA. 

f.  HLA  Association  With  Disease 

The  association  between  particular  alleles  of  the  genes 
grouped  in  the  human  major  histocompatibility  complex  and  a  number  of  diseases 
is  scientifically  intriguing  and  1s  of  considerable  clinical  value.  The  in- 
creased frequency  of  a  haplotype  in  a  population  of  patients  with  a  specific 
disease  may  be  due  to  the  effect  of  the  HLA  allele  itself  as  an  immunological 
component  in  the  disease  process  or  to  the  fact  that  the  HLA  allele  is  a  marker 
gene  in  linkage  disequilibrium  with  a  gene  controlling  a  pathway  in  the  disease 
process.  Research  on  the  association  of  HLA  and  disease  is  progressing  in 
several  areas.  One  is  the  continuation  of  the  search  for  new  associations  be- 
tween HLA-A  and  HLA-B  alleles  and  disease  by  means  of  typing  patients  with 
specific  diseases.  The  second  area  of  research  is  the  effort  to  determine  the 
mechanism  through  which  an  HLA  allele  may  be  involved  in  controlling  a  physio- 
logical trait  instrumental  in  the  disease  process.  The  third  effort,  the  re- 
sult of  observations  that  alleles  which  control  the  B  cell  antigens  may  be 
better  marker  genes  than  alleles  at  the  HLA-A  and  HLA-B  loci,  is  concentration 
on  the  associations  of  disease  with  B  cell  alleles  or  HLA-D  alleles. 

The  association  of  HLA  and  disease  may  be  a  special  case  of 
the  action  of  genes  in  the  MHC  which  are  called  the  "Immune  Response"  or  Ir 
genes.  There  is  evidence  of  the  Ir  genes  in  man  on  the  basis  of  the  differen- 
tial susceptibility  to  a  ragweed  allergen  in  individuals  with  a  particular  HLA 
type.  Whether  this  phenomenon  is  of  the  same  nature  as  the  other  forms  of 
association  is  still  problematical;  but,  since  so  many  immunologic  activities 
are  associated  with  the  MHC,  and  allergy  is  an  immunologically  based  disease, 
the  tendency  is  to  assume  that  the  association  is  not  spurious.  Actually,  the 
association  of  a  disease  with  a  distorted  frequency  of  HLA  may  be  considered 
evidence  that  the  disease  has  an  immunological  basis. 

An  additional  benefit  that  has  already  been  derived  from  the 
studies  of  HLA  and  disease  is  that  in  a  number  of  instances  a  disease  may  now 
be  recognized  as  not  homogenous  because  some  cases  show  the  HLA  association 
while  other  cases  do  not  show  the  association.  Closer  examination  of  the  syn- 
drome shows  that  there  are  symptomatic  differences  between  the  form  with  HLA 
association  and  the  form  of  the  disease  without  such  association. 


.33 


A  major  program  for  the  study  of  the  association  of  HLA  and 
disease  has  been  underway  at  Stanford  University  under  the  direction  of  Hugh 
McDevitt  (AI  11313-05).  The  basis  of  this  work  is  the  development  of  a  large, 
detailed,  structured  data  base  of  clinical  information  on  individual  patients 
and  a  computer  operation  which  can  exploit  the  data.  One  extremely  interesting 
finding  from  the  data  analysis  has  been  the  striking  prevalence  of  ankylosing 
spondylitis  in  undiagnosed  form  and  the  close  relationship  of  Shigellosis, 
Reiter's  syndrome  and  HLA-B27.  Studies  of  Reiter's  syndrome  following  epidemic 
Shigella  dysentery  demonstrated  an  association  between  HLA-B27  positivity  and 
disease  susceptibility  in  a  population  with  Reiter's  disease.   It  also  appears 
that  Reiter's  patients  without  HLA-B27  have  less  severe  illness  than  those  with 
the  marker.  The  same  situation  may  hold  true  for  rheumatoid  arthritis  (RA) 
patients  but  is  related  to  having  or  not  having  a  particular  MLC  marker  (HLA-D). 

Since  the  mechanism  of  association  between  genes  in  the  human 
MHC  and  disease  is  presumed  to  be  related  in  some  way  to  the  function  of  these 
genes,  studies  which  lead  to  knowledge  of  the  function  of  the  MHC  genes  are 
well  underway  and  have  been  discussed  under  part  I  of  this  report.  The  be- 
wildering array  of  immunologic  functions,  including  immune  responsiveness, 
immune  suppression,  mixed  lymphocyte  culture  reaction,  graft  versus  host  re- 
action, cytotoxic  T  cell  specificity,  genetic  control  of  antibody  specificity 
and  of  several  complement  components,  are  all  due  to  genes  mapping  in  the  area 
containing  the  HLA  genes.  The  association  between  a  clinical  syndrome  and  HLA 
would  indicate  that  the  disease  has  an  immunologic  component  and  the  fact  that 
the  association  is  strongest  with  genes  in  the  HLA-D  region  suggests  that  the 
disease  state  (or  the  resistant  state)  depends  upon  some  genetically  determined 
variation  in  the  regulation  of  immune  responsiveness  which  is  involved  in  the 
pathogenesis  of  the  particular  disease  in  question.  The  early  stages  of  the 
disease  association  studies  require  that  the  association  must  be  recognized 
before  clinical  exploitation  and  studies  of  mechanisms  can  follow.  The 
Stanford  group  (AI  11313-05)  has  been  actively  searching  for  associations  and 
has  found,  for  example,  the  association  of  Graves'  disease  with  HLA-8  as  well 
as  with  HLA-Dw3  in  Americans;  in  Japanese  the  association  of  Graves'  is  with 
HLA-Bw35,  psoriasis  is  associated  with  increases  in  Bwl6  and  Bwl7. 

The  search  for  human  Ir  genes  linked  to  HLA  has  been  far  less 
successful  than  the  search  in  the  mouse.  The  findings  in  the  mouse  are  based 
on  the  use  of  synthetic  antigens  which  cannot  be  ethically  used  in  man.  Aside 
from  the  genes  associated  with  ragweed  sensitivity,  the  only  other  Ir-like  gene 
found  in  man  has  been  found  through  the  demonstration  of  polymorphism  in  the 
immune  response  to  diphtheria  toxoid;  however,  this  gene  is  not  closely  linked 
to  HLA. 

Roy  L.  Walford  (AI  10086-06,  University  of  California,  Los 
Angeles)  has  studied  71  cases  of  n\yasthenia  gravis  and  found  increased  fre- 
quency of  HLA-8  in  this  disease.  The  data  shows,  in  addition,  that  there  are 
two  forms  of  myasthenia  gravis;  one,  with  a  high  frequency  of  HLA-8,  is  charac- 
terized by  thymic  hypoplasia,  early  age  of  onset,  female  sex  and  low  incidence 
of  antibodies  to  skeletal  muscle,  while  the  other  form  of  the  disease,  with 
normal  or  low  frequency  of  HLA-8,  shows  thymomas,  later  age  of  onset,  male  sex 
and  anti-skeletal  muscle  antibodies. 
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This  separation  of  clinical  characteristics  and  the 
-differential  associaUon  with  IILA-B  is  an  oxamplo  of  the  Importoncp  of  the 

studies  of  the  relationship  between  HLA  and  disease;  the  differential  diagnosis 

and  perhaps  the  treatment  should  be  highly  specific  for  the  disease.  The 

ability  to  show  that  myasthenia  gravis  is  not  a  single  disease  but  is  at  least 

two  diseases  and  the  fact  that  the  differentiation  can  be  made  by  HLA  typing 
is  of  strong  clinical  significance. 

The  role  of  HLA  genes  in  predisposing  to  the  development  of 
various  clinical  conditions  has  been  the  objective  of  intensive  study  by 
Peter  Stastny  (Al  12563-02,  University  of  Texas  Southwestern  Medical  College) 
using  the  MLC  test  to  determine  if  there  is  an  association  between  specific 
alleles  at  the  HLA-D  locus  and  the  presence  of  rheumatoid  arthritis  in  patients. 
He  measured  the  responsiveness  of  the  patients  cells  in  random  one-way  MLC 
stimulation  tests  and  found  that  the  RA  patients  were  either  high  or  low  re- 
sponders  when  compared  with  45  controls,  who  had  average  responsiveness,  sug- 
gesting that  there  is  an  association  between  HLA-Dw4  and  RA. 

Dr.  Strominger  (cited  above)  has  also  been  investigating 
disease  associations,  notably  the  linkage  between  HLA-27  and  susceptibility 
to  several  autoimmune  diseases  as  well  as  the  high  association  between  the 
antigens  of  the  Singapore-2  allele  and  susceptibility  to  nasopharyngeal  car- 
c  i  noma . 

The  human  immune  response  genes  were  first  demonstrated  in 
allergic  individuals;  and,  although  the  study  of  the  relationship  of  HLA  to 
disease  has  been  dominated  by  the  finding  of  more  than  40  clinical  syndromes, 
each  of  which  appears  to  have  a  skewed  HLA  allele  frequency,  it  is  the  atopic 
allergies  to  specific  allergens  which  may  provide  the  system  for  most  direct 
investigation. 

The  work  by  Malcolm  N.  Blumenthal  (AI  13132-02,  University 
of  Minnesota)  using  standardized  ragweed  preparations,  including  Ra3,  Ra5  and 
antigen  3,  for  skin  testing  in  families  which  have  been  haplotyped,  indicates 
that  the  gene  frequency  for  ragweed  sensitivity  ranges  from  .09  to  0.29.  This 
wide  variation  indicates  that  other  factors,  aside  from  the  putative  genes, 
play  major  roles  in  determining  atopic  sensitivity.  The  HLA  frequency  analysis, 
partially  completed,  suggests  that  the  gene  for  ragweed  sensitivity  is  linked 
to  the  HLA-B  locus;  however,  the  pedigree  analysis  of  five  families  shows 
rather  high  frequencies  of  recombination. 

I  2  •     lOiJlspJ  a  n  la  tj  o_n 

I 

i  The  goal  of  a  transplantation  program  is  to  effect  the  acceptance 

and  lifetime  function  of  transplanted  organs  or  tissue.  The  role  of  the  gene- 
tically determined  histocompatibility  gene  products  in  the  selection  of  donors 
and  recipients  has  been  discussed  in  an  earlier  section.  However,  even  the 
rapid  growth  of  information  on  the  histocompatibl ity  systems  has  not  decreased 
the  dependence  of  clinical  transplantation  upon  immunosuppressive  drugs. 
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This  portion  of  the  report  deals  with  the  development  and  clinical 
adoption  of  specific  biologic  methods  for  altering  the  immune  reaction  to  tranjs- 
plants  by  immunosuppression  or  by  altered  recognition  patterns  which  may  leadi 
to  successful  organ  transplant.  The  strategy  of  handling  transplants  which  arje 
not  ideally  matched  must  be  coupled  to  the  knowledge  of  the  immunological  stat^us 
of  the  patient  prior  to  and  following  the  organ  graft.  1 

The  need  remains  to  develop  or  refine  systems  for  monitoring  the 
immune  responses  after  clinical  transplantation,  and  a  number  of  studies  are 
going  on  both  in  the  human  patient  and  in  laboratory  animal  models  to  attune 
the  use  of  immunosuppressive  drugs  to  prediction  of  graft  rejection. 

Immunosuppression  is  not  a  simple  process.  Because  of  the  high 
degree  of  polymorphism  and  the  complexity  of  the  immune  response,  knowledge  of 
the  mechanism  of  action  of  each  agent  is  necessary  in  setting  up  the  screening 
and  testing  of  agents  or  combinations  of  agents.  All  immunosuppressive  agents 
do  not  act  identically  on  T  cells,  the  cells  responsible  for  delayed  hypersensi- 
tivity and  graft  rejection,  nor  on  B  cells  involved  in  antibody  production. 
It  is  generally  accepted  that  anti lymphocyte  serum  and  azathioprine  have  pre- 
ferential action  on  T  cells  and  that  the  alkalating  agents  affect  both  T  and  B 
cells,  but  the  mode  of  actions  on  the  cells  may  not  be  similar. 

In  addition  to  ALS  and  immunosuppressive  drugs,  other 
immunosuppressive  measures  include  total  body  or  regional  x-irradiation, 
thoracic  duct  cannulation,  thymectomy  and  splenectomy. 

The  first  step  in  immunologic  manipulation  of  the  post  transplant 
patient  is  immunologic  monitoring  of  the  response  to  the  graft.  The  most  com- 
mon procedure  is  to  measure  the  cytotoxic  antibody  level  in  the  patient's  serum. 
It  is  generally  assumed  that  graft  rejection  is  due  to  cytotoxic  mechanisms 
leading  to  progressive  cell  destruction  and  renal  failure.  If,  on  the  other 
hdnd,  the  cellular  immune  response  is  the  essential  factor,  the  measure  of  cyto- 
toxic antibodies  could  be  used  as  the  marker  for  the  total  immune  response. 
In  the  cytotoxic  test  the  target  cell  may  be  of  great  importance  and  the  cul- 
tured fibroblast  or  kidney  cell  may  be  better  than  the  peripheral  lymphocyte 
for  the  measure  of  the  patient  antibody  level.  Although  cytotoxic  lymphocytes, 
which  are  specific  to  donor  target  cells  have  been  found  in  transplanted 
patients,  there  is  at  present  no  correlation  between  presonn^  nv   deqree  of 
lymphocyte  cytotoxicity  and  clinical  outcome.  Similarly,  the  inhibition  of 
lymphocytoxicity  by  sera  from  some  kidney  transplant  recipients  may  be  useful 
for  evaluation,  but  it  is  still  not  a  reliable  measure.  Another  potential 
measure  for  immune  response  to  a  graft  is  the  transformation  of  lymphocytes  as 
denoted  by  the  appearance  of  blast  cells  in  peripheral  blood,  urine  and  effer- 
ent kidney  lymph  of  kidney  allograft  recipients. 

The  presence  of  soluble  non-antibody  factors,  such  as  lymphocyte 
migration  inhibition  factor  (MIF),  which  indicate  immune  response,  is  also 
being  investigated  as  a  monitoring  method.  The  presence  of  MIF  is  a  useful 
test  for  delayed  hypersensitivity;  however,  the  suppression  of  inhibition  by 
recipient  serum  may  be  a  better  correlate  of  the  clinical  outcome  than  the 
direct  test. 

I3f: 


I  Several  in  vlbx)  tests  tiavo  been  used  In  kidney  allograft     ' 

recipients  to  follow  their  fimnune  response  against  donor  antigens;  these 
jtest  include  the  detection  of  cytotoxic  antibodies,  the  detection  of  blocking- 
antibodies  to  the  donor  antigen,  thymidine  incorporation  in  the  presence  of 
PHA  or  allogeneic  lymphocytes  or  the  depression  of  rosette  numbers.  However, 
the  total  interrelationships  are  not  clear  and  the  immunosuppressive  agents 
that  are  given  are  only  partially  effective  on  these  measures  of  immune  re- 
sponse. The  investigation  of  monitoring  systems  is  still  important,  though 
it  appears  to  be  less  attractive  than  the  area  of  immunologic  manipulation. 

The  search  for  a  rapid,  nonsubjective  and  sensitive  test  for 
detecting  a  rejection  episode  before  it  is  clinically  manifested  has  induced 
Rolf  Barth  (AI  13186-02,  University  of  Kansas)  to  develop  a  procedure,  only 
slightly  different  from  others,  to  monitor  transplants,  using  Technitium-99 
labeled  donor  fibroblasts  as  target  cells.  In  addition.  Dr.  Barth  is  evaluating 
a  monitoring  method  in  which  transplant  rejection  appears  to  be  predicted  by 
the  ability  of  recipient  lymphocytes  to  aggregate  around  donor-type  kidney 
cells  or  fibroblasts  maintained  in  tissue  culture. 

James  J.  Lightbody  (AI  11013-03,  Wayne  State  University),  as 
part  of  a  study  on  the  basic  mechanism  of  immune  rejection  of  transplanted 
kidneys,  now  uses  a  fluoresence  modification  of  the  antibody-dependent  cell- 
mediated  cytotoxicity  test  and  the  complement-dependent  cytotoxicity  test  for 
detecting  preformed  antibody  in  the  renal  transplant  patient  to  monitor  the 
patient  in  the  post  graft  period.  The  comparison  of  the  two  methods  leaves 
doubt  about  the  state  of  the  kidney,  and  he  has  returned  to  a  Rhesus  monkey 
model  to  continue  development  of  the  monitoring  systems. 

The  clinical  usefulness  of  a nti lymphocyte  serum  as  a  suppressor 
agent  is  still  under  investigation.  Several  large  studies  have  been  carried 
out  and  the  results  have  been  difficult  to  interpret  because  of  variations 
in  patient  selection,  origin  of  the  donor  lymphocytes,  species  of  animal 
immunized  as  the  serum  source,  fluctuation  in  the  potency  of  the  anti lymphocyte 
serum  and  even  lack  of  agreement  on  the  methods  to  be  used  to  measure  potency. 

Although  additional  large  scale  clinical  trials  are  underway, 
the  smaller  study  by  Hyung  M.  Lee  (AI  12822-02,  Virginia  Commonwealth  Univer- 
sity) is  unique  because  he  used  the  difference  in  potency  as 'a  device  to  de- 
termine whether  the  anti lymphocyte  serum  is  of  clinical  value. 

'  Dr.  Lee,  in  a  clinical  study,  is  treating  patients  who  are  the 

recipients  of  kidneys  of  cadaver  origin  with  high  potency  rabbit  anti-thymocyte 
nlobulin  (ATG)  to  cvdliiate  the  efficacy  of  ATG  as  an  immunosuppressive  agent 
and  to  determine  the  niechanisiDS  by  which  it  suppresses  the  rejection  proc 
Two  ATG  preparations  differing  in  potency  (by  the  primate  skin  graft  test;  „ 
used  in  71  patients;  the  group  receiving  the  higher  potency  ATG  having  a  sig 
nificantly  longer  graft  survival  time,  and  the  difference  in  the  graft  survive 
jtime  between  the  two  groups  occurred  in  the  first  three  months  post  transplant 
In  vitro  studies  of  cell-mediated  immunity  show  that  high  potency  ATG  lowers 
human  T  cell  levels  to  a  greater  degree  than  does  low  potency  ATG  and  that  the 
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level  of  specific  anti-T  cell  activity  Is  different  In  the  two  preparations.  ! 
The  lowering  by  ATG  of  circulating  T  cells  to  below  lOX  of  prelransplant  levels 
and  T  cell  activity  (as  measured  by  PHA  blastogenesis)  to  below  50%  of  pre- 
transplant  values  is  associated  with  diminution  of  early  acute  rejection.  The 
data  are  not  clear  on  the  effect  of  ATG  on  long  term  survival  of  the  cadavar 
allograft. 

Judith  M.  Thomas  (AI  12586-03,  Virginia  Commonwealth  University), 
in  a  study  parallel  to  that  of  Dr.  Lee  on  the  efficacy  of  ATG,  treats  skin- 
grafted  Rhesus  monkeys  with  clinical  grade  antithymus  globulin  and  measures 
the  effect  on  skin  graft  survival  time,  rate  of  recovery  of  T  lymphocyte  numbers 
and  T  cell  function,  and  the  level  of  humoral  immune  responses  to  donor  antigen. 
Her  results  demonstrate  that  the  titre  of  anti-donor  antibody  in  ATG  correlates 
with  the  degree  of  immunosuppression  achieved.  ATG  causes  a  marked  delay  in 
the  appearance  of  LMC,  which  is  accompanied  by  LMC  blocking  activity  in  the 
serum  of  ATG  treated  primates  but  not  in  control  monkeys.  The  LMC,  ADCMC  and 
total  circulating  T  cell  recoveries  are  predictive  of  rejection  and  may  pro- 
vide an  excellent  monitoring  system  measuring  the  effectiveness  of  ATG  for 
immune  suppression. 

Another  approach  In  the  quest  for  improving  graft  survival  is  the 
attempt  to  reduce  the  immunogenicity  of  organ  allografts  by  graft  pretreatment. 
Richard  L.  Simmons  (AI  12754-02,  University  of  Minnesota)  has  observed  that 
mongrel  dog  kidneys,  perfused  with  Concanavalin  A  in  vitro  and  transplanted  to 
allogeneic  dogs  who  receive  minimal  immunosuppressTon,  survive  for  prolonged 
periods  of  time.  In  the  study  of  the  mechanism  and  optimal  conditions  for 
this  phenomenon.  Dr.  Simmons  has  found  that  dogs  transplanted  with  pancreas 
perfused  with  con  A  and  minimally  suppressed  have  significantly  prolonged  sur- 
vival. Dogs  receiving  con  A  treated  pancreas  and  the  combination  of  azathiaprine 
and  methyl  prednisolone  show  a  significantly  longer  survival  but  the  drug  effect 
alone  is  not  significant.  Dog  kidney  experiments  have  confirmed  that  the  bind- 
ing sites  of  con  A  are  in  the  glomerular  basement  membrane  or  glomerular 
endothelium  but  that  the  con  A  is  removed  within  several  hours  after  revas- 
cularization of  the  transplanted  kidney.  Thus,  the  con  A  does  not  have  its 
effect  by  permanently  masking  the  alloantigens  on  the  cell  surface.  Dr.  Simmons 
concludes  that  con  A  (and  perhaps  ALG)  bound  to  the  surface  of  allogeneic 
cells  interferes  with  immunogenicity  of  these  cells,  but  the  concept  of  anti- 
gen masking  in  either  the  afferent  or  efferent  limb  is  not  adequate  as  an 
explanation  for  the  results  he  has  obtained. 

The  immune  response  may  be  altered  by  variations  in  antigen 
exposure  methods  which  are  designated  as  tolerance  or  enhancement.  Tolerance, 
at  one  time  the  great  hope  in  transplantation,  is  a  form  of  immunologic  un- 
rosponsivonobs  conferred  upon  an  individual  by  contact  with  a  given  antigen 
learly  in  development.  The  phenomenon  is  far  more  complex  than  initially  be- 
lieved and  has  a  degree  of  risk  coupled  to  a  high  degree  of  failure.  Research 
on  tolerance  in  animal  models  goes  on  but  at  a  much  decreased  level;  however, 
Ithere  is  a  greater  volume  of  research  directed  at  the  phenomenon  of  enhance- 
knent.   Enhancement  was  first  reported  as  a  method  of  using  passively  trans- 
ferred anLl-'.eruiii  to  prot(>ct  a  tumor  graft  from  rejection  by  the  recipient. 
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The  enhancement  model  was  refined  In  the  mouse  but  has  been  developing  in  othc-r 
'species;  the  rat  has  proven  particularly  useful  in  cardiac  transplant  and  the 
'dog  has  become  a  common  model  for  studies  of  enhancement  in  l^idney  transplanta- 
jtion. 

i  Richard  E.  Wilson  and  his  associates  (AI  04606-03,  Harvard 

'University)  have  as  their  major  effort  the  development  of  a  clinically  useful 
protocol  for  passive  enhancement  with  the  F  (abl)2  fragments  of  immune  globulin 
iflS  an  adjunct  to  clinlcdl  Immunosuppression.  Research  on  enhancement  of  cardiac 
(transplants  1n  rats  (see  Tilney)  and  of  kidney  transplants  in  dogs  is  part  of 
Ian  attempt  to  develop  j_n  vitro  assays  of  the  immune  response  during  the  enhance- 
ment procedure. 

An  activity  based  on  understanding  the  precise  mechanisms  of 
action  of  each  cell  subgroup  participating  in  the  rejection  reaction  to  achieve 
selective  immunosuppression  against  particular  infiltrating  cell  populations  is 
being  carried  out  by  Nicholas  L.  Tilney  (AI  12250-02,  Harvard  University). 
Using  long  surviving  cardiac  allografts  in  rats,  Tilney  has  been  attempting  to 
define  the  humoral  and  cellular  mechanisms  of  organ  graft  rejection  in  normal 
br  enhanced  recipients.  The  infiltrating  host  cells  are  harvested  1n  a  viable 
and  functioning  state  from  the  acutely  rejecting  cardiac  allografts  and  then 
identified  and  fractionated  into  subpopulations  to  test  for  specific  cyto- 
toxicity. The  picture  of  host  response  leading  to  rejection  is  derived  by 
.comparing  the  acute  rejection  cells  with  spleen,  lymph  node  or  peripheral 
blood  lymphocytes.  Studi(>s  establish  that  cytotoxic  T  cells  accumulate  within 
rejecting  grafts  and  may  not  be  fully  dependent  upon  antigen  recognition  per 
se.  In  the  well  functioning  enhanced  cardiac  allograft,  the  infiltrating  cells 
are  capable  of  suppressing  spontaneous  blastogenesis  indicating  that  prolonged 
survival  of  enhanced  grafts  may  be  due,  in  part,  to  suppressor  activity. 

The  allogeneic  organ  transplant  model  in  the  inbred  rat  is 
particularly  useful  for  evaluating  the  relative  roles  of  various  histocompati- 
bility loci  in  the  state  leading  to  organ  rejection  vs.  graft  enhancement. 
James  B.  Grogan  (AI  09588-06,  University  of  Mississippi)  Is  using  the  anterior 
chamber  of  the  rat's  eye  to  measure  the  immunological  response  of  the  host  to 
an  allograft  and  to  demonstrate  that  active  enhancement  is  the  major  immuno- 
logical mechanism  affording  the  privileged  nature  to  the  anterior  chamber  im- 
plant site.  The  prevailing  opinion  is  that  the  lacl<  of  an  intact  afferent  arc 
of  the  immune  response  in  the  anterior  chamber  is  responsible  for  prolonged 
survival;  but  Dr.  Grogan' s  results,  using  MIF  production  as  the  measure,  in- 
dicate that  although  the  rats  show  detectable  sensitization  to  their  implants 
early,  they  are  not  able  to  consummate  the  rejection  process.  Additional 
ifindings  are  that  the  spleen  cells  from  implant-bearing  rats  are  not  as  reactive 
as  the  spleen  cells  from  normal  rats  in  the  popliteal  lymph  node  assay  for  GVH 
activity.  The  conclusion  is  that  the  Implants  to  the  anterior  chamber  stimu- 
|lates  the  production  of  blocI<ing  factors  or  suppressor  cells  which  prevent 
in  vivo  rejection  of  the  implant;  the  host  may  readily  recognize  the  presence 
pf  foreign  antigens  but  is  delayed  in  mounting  a  full  scale  rejection  reaction. 
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j  The  fact  that  the  humoral  response  to  tissue  transplants  may   I 

[include  antibodies  leading  to  rejection  or  to  suppression  of  the  rejection 
reaction  has  led  to  the  search  for  methods  which  might  increase  the  suppressiojn 
[effect  or  markedly  diminish  the  rejection  effort.  T.  N.  Harris  (AI  11466-03,  ^ 
juniversity  of  Pennsylvania)  has  found  that  in  mice  bearing  skin  allografts, 
jthe  injection  of  anti-graft-strain  antibody  of  the  IgG2  class  leads  to  accel- 
lerated  rejection  whereas  antibody  of  the  IgG]  class  with  the  IgG2  removed  by 
jspecific  binding  causes  prolonged  retention  of  the  graft.  The  relative  amounts 
jof  the  two  classes  of  antibodies  are  such  that  under  ordinary  circumstances, 
■the  rejection  reaction  would  be  more  likely.  These  results  in  the  mouse  re- 
inforce the  concept  that  a  population  of  antibody  molecules  may  contain  en- 
ihancing  antibodies  as  well  as  antibodies  which  result  in  rejection.  The  goal 
is  to  develop  an  immunization  system  which  gives  rise  to  enhancing  antibody 
exclusively  or  to  develop  a  system  of  processing  antibody  so  that  it  has 
enhancing  properties  without  having  cytotoxic  activity.  Since  man  does  not 
have  the  same  classes  of  immune  globulins  as  the  mouse,  the  preparation  pro- 
cedure may  involve  some  form  of  antibody  fragmentation. 

The  study  of  the  mechanism  of  enhancement  can  use  tumor  systems 
to  advantage.  Dr.  Amos  (cited  above)  developed  an  enhancement  model  using 
passive  transfer  of  serum  or  cells  from  G57  (H-2b)  anti-BP-8  Tumor  (H-2k). 
Absorption  of  the  antiserum  with  either  platelets  or  red  blood  cells  has  no 
effect  on  its  enhancing  ability  even  as  the  cytotoxic  effect  is  almost  com- 
pletely removed.  Therefore,  the  H-2D  and  K  antigens  of  the  murine  major  histo- 
compatibility systems  are  not  the  target  for  the  enhancing  serum. 

Although  the  problems  of  kidney  transplantation  appear  to  be  the 
predominant  research  areas  in  homografting,  an  important  area  which  has  wide- 
spread clinical  significance  is  that  of  clinical  bone  marrow  transplantation. 
Patients  treated  by  Edward  D.  Thomas  (AI  02425-14,  University  of  Washington), 
a  director  at  a  large  bone-marrow  transplantation  center,  include  those  with: 
(1)  aplastic  anemia  (of  unknown  cause  or  due  to  drugs,  hepatitis  or  Fanconi's 
syndrome)  and  (2)  acute  leukemia. 

Patients  not  responding  to  conventional  therapy  are  conditioned 
for  transplants  of  marrow  by  total  body  Irradiation  or  by  cyclophosphamide. 
The  problems  in  bone  marrow  grafting  Included,  as  expected,  the  selection  of 
the  best  donor  to  insure  the  non-rejection  of  the  graft;  in  addition  the  marrow 
graft,  being  immunologically  active,  must  not  be  reactive  to  the  host  and  there- 
by cause  graft  versus  host  disease  (GVH).  The  rejection  of  the  marrow  graft  or 
pVH  leads  to  a  high  susceptibility  to  sepsis  and  death,  usually  through  inter- 
jstitial  pneumonia.  The  clinical  program,  under  Dr.  Thomas'  supervision,  is  also 
[designed  to  translate  the  dog  model  experiments  into  clinical  use.  Studies  are 
;in  progress  on  the  use  of  laminar  flow  rooms,  granulocyte  transfusion,  combina^- 
^ions  and  doses  of  drugs/irradiation  for  curing  the  original  illness,  and  the 
triteria  needed  to  select  the  best  donor.  The  relationship  of  MHC  matching  to 
^ccrptnnco  of  thp  qrnft  and  non-occurrence  of  GVH  disease  has  suggested  that 
jiilnor  loci  outside  the  MHC  may  be  of  Importance  in  this  form  of  transplantation. 

Among  the  animal  models  suitable  for  the  examination  of  GVH  is  the 
jermfree  mouse  since  it  provides  a  means  for  separating  the  GVH  syndrome  from 
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the  complications  of  infection.  Patricia  Balmear  (AI  10990-04,  Roswell 
Park  Memorial  Institute,  Buffalo)  is  studying  the  germfree  allogeneic  chimera  < 
mouse  made  by  the  transplantation  of  bone  marrow  from  germfree  DBA/2  to  irra- 
diated germfree  C3H  mice.  This  model  allows  for  the  study  of  T  cell  responses! 
jand  B  cell  responses,  and  T  and  B  cell  interactions  as  they  participate  in  the 
reaction.  Since  most  of  the  mice  have  long-term  survival,  it  is  possible  to 
follow  the  immunological  characteristics  of  the  chimeras.  Dr.  Balmear  has 
found  that  responses  to  B  cell  mitogens  are  normal  until  about  10  months  post 
transplant  and  then  decrease  markedly;  the  change  may  be  due  to  the  accelerated 
aging  induced  by  irradiation.  The  suppressor  T  cell  activity  increases  at 
about  8  months  post  transplant  and  is  maintained.  The  response  to  sheep  cell 
immunization  is  suppressed  in  the  allogeneic  transplant  group  because  of  an 
imbalance  between  helper  and  suppressor  T  cells.  One  interesting  finding  is 
that  there  is  no  histopathology  evident  in  the  allogeneic  chimeras  who  have 
their  T  cell  population  removed  or  reduced  by  anti-theta  serum,  whereas  the 
allogeneic  chimeras  which  are  untreated  have  extensive  histopathological 
changes. 

3.  Transplantation  Contract  Program  Prior 
to  the  NIAID  Reorganization 

The  contract  program  of  the  Genetics  and  Transplantation  Biology 
Branch  was  originally  established  as  a  part  of  the  Transplantation  and  Immu- 
nology Branch  (TIB)  of  the  Collaborative  Research  Program  of  NIAID.  No  new 
contract  activities  were  begun  during  the  period  covered  by  this  report  and 
several  activities,  funded  in  prior  years,  have  terminated. 

a.  Evaluation  Of  Tissue  Matching  in  Renal 
and  Bone  Marrow  Transplantation 

Although  histocompatibility  matching  has  been  shown  to  improve 
the  prognosis  for  success  of  living  related  kidney  transplants,  the  data  for 
cadaver  kidney  transplants  have  not  been  as  conclusive.  Studies  which  have 
tended  to  show  an  advantage  for  the  well -matched  cadaver  kidney  transplant 
have  not  been  as  conclusive.  Studies  which  have  tended  to  show  an  advantage 
for  the  well -matched  cadaver  kidney  transplant  have  been  reported  by  European 
centers;  however,  there  has  been  no  United  States  study  comparable  to  those 
done  in  Europe.  There  has  been  speculation  that  this  may  be  due  to  the  greater 
hotproqeneity  of  (.ho  U.S.  population  and  to  lesser  omphasis  on  transplantation 
of  Cfidaver  kidneys  well  matched  for  the  HLA  antigens. 

i  Since  over  60%  of  all  kidneys  transplanted  come  from  cadavers, 

it  is  important  to  determine  the  importance  of  HLA  matching  in  cadaver  kidney 
transplants.  A  collaborative  study,  recommended  by  the  NIAID  Transplantation 
and  Immunology  Advisory  Committee,  is  under  way  with  the  objective  of  collecting 
complete  and  accurate  clinical,  laboratory,  and  other  data  on  renal  transplant 
patients  to  determine  the  efficacy  of  tissue  matching. 

i  As  of  December  31,  1976,  the  16  regional  transplant  centers 

pnder  contract  (36  hospitals  and  19  tissue  typing  laboratories)  and  one  addi- 
tional center  (4  hospitals  and  one  voluntary  tissue  typing  participating 
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laboratory)  had  entered  over  2400  transplants  into  the  Kidney  Transplant 
Histocompatibility  Study.  Institutions  collaborating  in  the  study  include:   | 
Peter  Bent  Brigham  Hospital,  Boston,  Massachusetts;  Downstate  Medical  Center,  i 
Brooklyn,  New  York;  University  of  Rochester,  Rochester,  New  York;  Upstate    j 
Medical  Center,  Syracuse,  New  York;  State  University  of  New  York,  Buffalo,   | 
New  York;  Cleveland  Clinic,  Cleveland,  Ohio;  University  of  Illinois,  Chicago,  | 
Illinois;  University  of  Minnesota,  Minneapolis,  Minnesota;  University  of 
Arkansas,  Little  Rock,  Arkansas;  University  of  Oklahoma,  Oklahoma  City, 
Oklahoma;  University  of  Texas,  Dallas,  Texas;  Baylor  University,  Houston, 
Texas;  University  of  Texas,  Galveston,  Texas;  University  of  Texas,  San  Antoniol, 
Texas;  University  of  Utah,  Salt  Lake  City,  Utah;  and  hospitals  In  Toronto, 
Ontario,  Canada. 

i  The  data  collection  is  supervised  by  a  statistical  data 

jmanagement  center  operated  by  the  Naval  Medical  Research  Institute  under  an 
[Inter-Agency  Agreement.  Data  is  submitted  on  forms  specifically  designed  for 
Ithe  study  and  includes  many  items  other  than  the  tissue  typing  information 
Which  is  basic  to  the  objectives  of  the  study. 

i  All  transplants  in  the  study  are  to  be  followed  through 

December  of  1978  so  that  there  will  be  follow-up  at  least  24  months  for  all 
and  as  much  as  59  months  for  the  first  cases  entered  into  the  study.  Tissue 
typing  has  been  done  with  NIH  trays  as  well  as  with  additional  sera  available 
in  the  individual  laboratories  and  the  procedures  have  been  standardized 
through  periodic  quality  control  exercises.  Sera  and  lymphocytes  from  both 
donors  and  recipients  have  been  collected,  frozen,  and  are  being  stored  to 
permit  retrospective  typing  and  testing  .for  pre-formed  antibodies.         ' 

While  it  is  too  early  to  predict  specific  results,  data 
analysis  should  produce  significant  findings  about  a  wide  variety  of  questions 
relating  to  survival  of  the  transplanted  kidney.  The  principal  investigators 
from  the  contracting  institutions  meet  periodically  to  assess  the  progress  of 
the  study  and  committees  from  the  larger  group  have  assisted  in  the  subject 
areas  of:  laboratory  methods  and  standards,  data  surveillance  and  quality 
control,  and  data  analysis  and  publication.  The  committee  on  data  analysis 
and  publication  has  selected  areas  of  analysis  not  Included  in  the  original 
protocol  of  the  study. 

Bone  marrow  transplantation  has  been  shown  to  be  a  promising 
treatment  for  a  number  of  hematologic,  neoplastic  and  immunologic  diseases.  The 
key  to  clinical  success  appears  to  lie  in  control  of  the  immunologic  factors 
Involved  in  rejection  and  in  graft  versus  host  disease  in  those  cases  in  which 
narrow  transplantation  is  successful.  Studies  in  bone  marrow  transplantation 
are  being  carried  out  at  the  Fred  Hutchinson  Cancer  Research  Center,  Seattle,  , 
(Washington,  by  Edward  D.  Thomas  (AI  75-2515).  Techniques  being  utilized  in 
these  studies  include  HLA  serotyping,  genetic  studies,  mixed  lymphocyte  culturje, 
:ell-mediated  lympholysis,  "B  Cell"  typing  and  crossmatching,  and  anti-globulih 
reactions.  While  most  marrow  transplants  are  performed  between  HLA  identical,. 
MC   non-reactive  siblings,  attempts  are  being  made  to  Identify  marrow  donors  ' 
For  patients  who  do  not  have  an  HLA  identical  sibling.  Enough  long-term  sur-  , 
/Ivors  have  now  been  observed  that  one  can  postulate  that  some  leukemia  patients 
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ican  be  "cured"  by  massive  x-irradiation  followed  by  bone  marrow  transplantation; 
however,  research  is  still  needed  in  the  areas  of  graft  rejection  and  graft 
versus  host  disease. 

b.  Anti lymphocyte  Globulin  Program 

This  program  has  sponsored  a  double-blind  study  of  rabbit 
anti -human  thymus  globulin  (RAHTG).  One  hundred  cadaver  kidney  transplant 
recipients  were  treated  with  either  RAHTG  or  a  salt-poor  human  albumin  placebo 
'in  a  study  designed  to  determine  the  efficacy  of  RAHTG  in  preventing  renal 
allograft  rejection.  The  material  used  has  demonstrated  efficacy  in  prolonging 
Iskin  and  renal  grafts  in  subhuman  primates.  This  is  a  joint  study  with  the 
Bcinesda  Naval  Medical  Research  Program  which  developed  the  RAHTG  and  has  the 
IND  for  its  clinical  evaluation,  and  the  University  of  California,  San  Francisco 
where  the  clinical  trial  was  conducted.  The  RAHTG  used  was  developed  with 
funds  provided  to  the  Navy  by  the  TIB  and  animal  testing  was  conducted  at 
Bionetics  Laboratories  under  a  NIAID  contract.  This  double-blind  study  has 
demonstrated  that  RAHTG,  given  intramuscularly  just  before  and  during  the 
immediate  post-transplant  period,  will  significantly  extend  the  period  before 
the  first  rejection  episode;  however,  no  effect  was  found  on  graft  survival 
at  either  one  or  two  years.  This  program  terminated  during  the  course  of  this 
reporting  period. 

c.  Immunopathology  Program 

Contract  support  for  this  program  ended  during  this  reporting 
period.  This  contract  was  for  study  of  the  etiologic  events  as  well  as  of 
antigen-antibody  systems  in  human  glomerulonephritis  and  the  course  of  sub- 
sequent nephritis  in  the  transplanted  kidney.  Curtis  B.  Wilson  (AI  42505, 
Scripps  Clinic  and  Research  Foundation)  reports  that  during  the  life  of  the 
contract  immunopathologic  studies  were  performed  on  3,865  renal  tissues  and 
8,007  serum  samples  from  5,417  patients.  These  studies  have  clearly  demonstrated 
that  most  glomerulonephritis  in  man  is  caused  by  immunologic  mechanisms;  immuno- 
globulin and/or  complement  deposits  were  identified  in  about  85^  of  native 
kidney  specimens.  Studies  also  included  research  for  extraglomerular  immuno- 
globulin deposits  resulting  from  anti -basement  membrane  antibody  and  immune 
complexes.  Roughly  75%  of  patients  with  anti -GBM-anti body- induced  nephritis 
were  found  to  have  antibodies  which  were  also  capable  of  reacting  with  the 
tubular  basement  membrane.  In  systemic  lupus  erythematosus,  70%  of  patients 
were  found  to  have  widespread  immune  complex  deposition  involving  TBM,  peri- 
tubular capillary  walls,  and  arteriole  and  arteriolar  walls,  in  addition  to 
glomerular  deposits.  This  contract-supported  research  contributed  to  the  de- 
.velopiiient  and  evaluation  of  the  Raji  cell  radio-immunoassay  for  the  detection 
:of  circulating  immune  complexes. 
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REPORT  OF  THE  DIRECTOR »  EAR 
Introduction 

The  reorganization  bequn  in  Fiscal  Year  1976  was  largely  completed 
in  Fiscal  Year  1977.  Only  the  Program  and  Project  Review  Branch  remains 
to  be  completely  staffed  and  to  complete  implementation  of  the  procedures 
necessary  for  centralizing  NIAID  review  of  grants  and  contracts. 
This  was  a  particularly  difficult  year  for  the  Contracts  Management 
Branch  because  of  staff  turnover.  However  the  Branch  is  now  staffed 
with  highly  qualified  employees  at  all  levels  and  is  operating  in  an 
exemplary  fashion.  The  Research  Resources  Branch  is  expected  to  undergo 
further  reorganization  with  delegation  of  some  responsibilities  to 
the  Program  Directors.  (See  Figure  1) 

Funds  for  the  support  of  new  and  competing  research  projects  continued 
to  be  in  short  supply  in  Fiscal  Year  1977.  Although  this  should  have 
resulted  in  a  small  reduction  in  the  workload  for  Grants  Management 
making  new  awards,  the  accumulation  of  new  regulations  and  the  demand 
for  additional  procedures  in  making  awards  has  increased  this  workload. 
In  addition  there  has  been  a  considerable  increase  in  the  workload 
necessary  to  process  all  instruments  of  support,  including  all  types 
of  research  grants  and  contracts.  This  situation  exists  in  all  NIH 
institutes  and  will  require,  in  the  coming  year,  innovations  to 
reduce  the  workload  and  streamline  administrative  procedures  and 
scientific  review  procedures  if  this  part  of  the  Federal  bureaucracy 
is  to  continue  to  operate  smoothly  and  efficiently  with  no  increase 
in  staff  members. 

Clinical  Trials 

The  annual  update  of  NIAID-supported  clinical  trials  for  FY  1976 
and  Transitional  Quarter  has  been  completed  and  submitted  for  inclusion 
in  the  FY  1976  NIH  Inventory  of  Clinical  Trials.  Total  NIAID-supported 
clinical  trial  funding  was  $3,875,193  for  the  twelve-month  FY  1976 
and  $638,428  for  the  TQ.  The  twelve-month  FY  1976  showed  a  9%  increase 
over  FY  1975  in  total  NIAID  clinical  trial  funding.  Of  the  $1,947,846 
in  FY  1976  and  TQ  grant-supported  trials,  about  57%  (by  dollars) 
involved  allergic  and  immunologic  diseases  and  43%  involved  infectious 
diseases.  Contracts  and  Interagency  Agreements  supported  $1,919,725 
in  infectious  diseases  trials;  while  the  intramural  programs  spent  an 
equivalent  of  $646,050  in  immunologic  and  infectious  diseases  clinical 
trials.  Excluding  the  TQ,  FY  1976  grant-supported  trials  showed  an 
increase  of  15%  and  contracts  an  increase  of  11%  funding  over  FY  1975 
trials.  Intramural  programs  exhibited  a  decrease  in  man-years  of  7% 
in  FY  1976  from  FY  1975. 

The  identification  of  clinical  projects  among  research  grant  applications 
submitted  to  NIAID  is  an  ongoing  process.  It  is  to  be  hoped  that 
additional  help  can  be  obtained  so  that  minimal  analyses  can  be  done 
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on  various  factors  such  as  comparison  of  approval/disapproval  rates 
between  clinical  and  non-c11n1ca1  projects,  classifications  of 
clinical  projects  as  to  type,  e.g.,  etiology,  diagnosis,  prevention, 
treatment,  epidemiology,  pathogenesis,  etc.-,  what  proportion  of  each 
project  is  clinical;  which  projects  are  ready  for  development  and 
application,  etc. 

Training  and  Fellowships 

In  addition  to  conducting  and  sponsoring  basic  and  applied  research, 
NIAID  provides  training  grants  in  corresponding  areas  of  mission-related 
research. 

During  this  fiscal  year  we  funded  22  TOl  training  grants  (NIH  traditional 
training  grants)  with  approximately  100  trainees.  Next  fiscal  year  there 
win  be  17  such  programs  which  will  support  about  80  trainees.  This 
win  be  the  last  year  for  funding  these  TOl  training  grants. 

With  the  exception  of  five  postdoctoral  fellows  supported  in  the 
transitional  quarter,  the  F22  (Weinberger  Individual  Fellowship  Program) 
will  be  terminated  this  fiscal  year  with  only  four  fellows  being  supported. 

There  are  49  training  grants  being  supported  under  the  National  Research 
Service  Award  Act  of  1974  -  P.L.  93-348.  A  breakdown  into  the  broad 
disciplines  reveal  that  there  are  23  of  these  in  the  Immunology, 
Allergic  and  Immunologic  Diseases  Program.  The  remaining  26  training 
grants,  residing  In  the  microbiology  and  Infectious  Diseases  Program, 
are  divided  in  the  following  way,  13  are  in  microbiology,  7  1n  virology, 
5  in  parasitology  and  1  1n  bacterial  physiology. 

The  total  number  of  fellows  recommended  for  support  for  the  budget 
period  for  the  above  training  grants  is  reflected  in  the  following 
table. 


Allergy  and 
Immunology 

Predoctorals 
20 

Postdoctoral s 
63 

Bacteriology 

11 

36 

Virology 

3 

19 

Parasitology 

3 

13 

Bacterial  Physio' 

loay 

_ 

3 

Totals 

37 

134 

t 


It  should  be  noted  that  the  above  totals  do  not  necessarily  reflect 
the  numbers  of  individuals  in  training  as  some  of  the  training  grants 
have  only  recently  been  funded  and  therefore  program  directors  could 
not  recruit  fellows. 

There  were  approximately  201  F32  or  Individual  Fellows  that  were 
active  in  the  transitional  quarter  and  during  the  fiscal  year.  In  the 
TOl  program  there  were  approximately  120  predoctoral  and  66  postdoctoral 
fellows.  Figures  2  &  3  show  the  trends  in  the  support  of  trainees  over 
the  past  8  years.  The  FY  '78  figure  Is  a  projection. 

Training  in  General 

As  the  NIAID  has  an  Interest  in  mycology  and  epidemiology,  1t  should 
be  noted  that  in  fiscal  year  1976  there  were  21  predoctoral  fellows 
and  one  postdoctoral  fellow  being  trained  in  mycology  in  the  TOl  program 
which  programs  will  be  supported  only  one  more  year.  There  was  one 
postdoctoral  fellow  In  mycology  in  the  now  terminated  F22  program. 
This  fiscal  year  the  number  of  trainees  1n  this  discipline  (mycology) 
will  be  considerably  less  due  to  the  new  NRSA  program  now  being 
started  and  which  will  have  only  two  postdoctoral  fellows.  The 
institute  has  recently  released  funds  to  support  one  training  grant  in  the 
"Pathogenesis  and  Epidemiology  of  Infectious  Diseases."  This  grant 
will  train  only  three  postdoctorals  per  annum  in  this  area  which  appears 
to  be  broad  in  its  objectives. 

The  Individual  Fellowships  (F32)  covers  a  diversity  of  areas  in 
microbiology,  immunology,  and  Infectious  diseases  with  the  exception 
of  the  two  areas  mentioned  above. 

Committee  Management 

Committee  management  for  all  chartered  Institute  advisory  committees 
was  centralized  last  year  in  this  office,  providing  for  more  uniform 
handling  of  transactions  and  submission  of  documents  and  reports  relating 
to  NIH  committee  management  and  operation. 

Charters  for  all  of  the  Institute  committees  (including  the  National 
Advisory  Allergy  and  Infectious  Diseases  Council  and  the  Board  of 
Scientific  Counselors)  were  scheduled  to  expire  on  June  30,  1977. 
Rechartering  documents  that  have  been  submitted  requested  that  the  name 
of  the  Infectious  Disease  Committee  be  changed  to  the  Microbiology  and 
Infectious  Diseases  Advisory  Committee,  and  that  the  membership  be 
increased  from  12  to  15;  that  the  name  of  the  Allergy  and  Immunology 
Research  Committee  be  changed  to  the  Allergy  and  Clinical  Immunology 
Research  Committee;  and  that  the  name  of  the  Transplantation  Immunology 
Committee  be  changed  to  the  Transplantation  Biology  and  Immunology 
Committee. 


15U 

1'A(;k  Ni:. 


Fifjurc  2 


151 


Pi  (June  3 

Predoctoral  Trainees  Supported  on  TOl  Training  Grants 
From  190S  -  1978* 


\'JL<i  ■■     I'.l/U 


152 


The  functions  of  these  three  initial  review  committees  have  been 
modified  to  reflect  their  new  roles,  including  a  revision  to  include  the 
review  of  new  contract  proposals  as  well  as  the  initial  review  of  grant 
applications.  Because  the  Institute  Is  now  reorganized  by  programs 
rather  than  management  by  mechanism  (contracts  and  grants)  this  will 
permit  a  committee  review  of  all  extramural ly-supported  research  and 
development  by  programs.  The  Infectious  Disease  Committee  and  the 
Transplantation  Immunology  Committee  have  been  most  affected  by  the 
change  which  has  increased  their  workload  considerably. 

There  has  been  a  Presidential  mandate  that  all  "unnecessary" 
committees  be  abolished,  and  that  committee  membership  be  decreased 
wherever  possible.  NIH  has  proposed  abolishing  some  committees  and 
merging  others,  but  to  date  none  of  the  MI AID  committees  are  affected 
in  that  proposal . 

The  Transplantation  Immunology  Committee  presently  has  a  full  complement 
of  members;  however,  appointments  are  still  pending  for  1977  vacancies 
on  all  of  the  other  committees. 

Personnel 


The  reorganization  has  Increased  the  numbers  of  people  operating  in  the 
Extramural  Activities  Program  although  there  was  a  reduction  In  the  numbers 
of  staff  members  with  professional  degrees  In  the  biological  sciences. 
The  administrative  office  has  centralized  under  the  NIAID  Office  of  the 
Director  Executive  Office. 

During  Fiscal  Year  1977  there  was  a  considerable  turnover  in  staff. 
Seventeen  new  people  were  added  to  the  staff  to  replace  an  equal  number 
who  left.  The  considerable  turnover  in  the  Contracts  Management  Branch 
has  been  mentioned  in  that  part  of  the  report.  Any  staff  turnover 
such  as  this  Is  a  burden  because  of  the  extremely  long  time  required 
by  the  Personnel  Office  to  meet  all  of  the  administrative  requirements 
associated  with  the  recruitment  and  selection  of  new  staff.  Assuming 
that  the  minimum  time  of  two  months  for  the  replacement  of  staff 
members  can  be  met,  this  means  that  the  Extramural  Activities  Program 
lost  in  excess  of  three  man  years  because  of  this  turnover  (17  vacancies 
times  2  months). 

The  Extramural  Activities  Program  continued  Its  Interest  In  and 
concern  with  personnel  training.  During  the  year  staff  participated  In 
65  training  programs  at  a  cost  of  $8,300. 

During  the  past  year,  Maria  King  and  Clarice  Dieter  were  awarded 
"Quality  Increases"  for  the  continuing  high  level  of  their  performance. 
Doris  Sweet  received  her  baccalaureate  degree  with  honors  from  the 
Upward  Mobility  College.  Del  ores  Gibson  who  is  also  attending  the  Upward 
Mobility  College  received  a  certificate  for  "outstanding  achievement  in 
academic  studies". 
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Referral  Guidelines 

The  Office  of  the  Director,  Extramural  Activities  Program,  has  been 
involved  in  a  series  of  negotiations  with  the  goal  of  clarifying 
the  respective  roles  of  NIAID  and  other  institutes  with  regard  to  the  , 
referral  process  and  guidelines  whereby  the  Division  of  Research 
Grants  makes  primary  assignments  for  competing  research  grant 
applications  to  the  most  relevant  Institute  in  cases  of  overlapping 
interest.  On  the  basis  of  such  negotiations,  progress  has  been  made  in 
clarifying  the  NIH  referral  guidelines,  particularly  as  they  relate  to 
this  Institute,  NIGMS  and  NHLBI. 

Special  Activities  as  follows: 

ASM  Exhibit.  The  Research  Resources  Branch  handled  arrangements  for 
an  NIAID  exhibit  at  the  American  Society  for  Microbiology  Meeting 
held  May  8-13  in  New  Orleans,  Louisiana.  The  RRB  assumed  overall 
responsibility  for  the  arrangements  while  manpower  used  during  the 
exhibit  hours  was  volunteered  from  the  Extramural  Activities  Programs, 
Microbiology  Infectious  Diseases  Program  and  from  the  Office  of  the 
Scientific  Director.  Exhibit  planning  assistance  was  received  from 
the  Office  of  Research  Reporting  and  Public  Response.  The  exhibit 
consisted  of  models  of  an  adenovirus,  the  lymphocyte  and  the 
schistosomes  and  pictures  highlighting  various  other  Institute 
activities.  The  exhibit  unit  contained  a  projection  screen  with  sound 
which  described  the  Institute's  viral  and  HLA  reagents  distribution 
program  and  LID  research. 

A  knowledgeable  institute  staff  member  was  available  at  the  exhibit 
site  to  answer  questions  concerning  grant  and  contract  activities,  1n 
house  research  programs,  etc.  The  exhibit  was  well  received  and 
gave  many  visitors  knowledge  of  the  various  activities  being  carried 
out  and  supported  by  the  Institute. 

Initiation  of  Training  Study.  A  survey  type  study  1s  being  considered 
in  an  attempt  to  determine  such  things  as:  which  sub-disciplines  in 
microbiology  are  expanding  or  contracting;  need  defined  in  terms  of 
employment;  movement  within  disciplines  or  areas  in  microbiology; 
trends  of  change  in  the  microbiological  profile  in  relevance  to  NIAID's 
mission. 

Initiation  of  Conference  Proposal  Review.  The  Extramural  Activities 
Program  will  be  responsible  for  the  review  and  administration  of  all 
"unsolicited"  conference  proposals;  i.e.,  those  arlsinq  outside  the 
program  areas  of  NIAID.  They  will  be  subjected  to  a  primary  review  by 
an  ad^  hoc  scientific  group  and  a  secondary  review  by  the  RCAG  scheduled 
once  each  quarter.  There  will  be  a  maximum  amount  of  funds  set  aside 
during  each  fiscal  year  for  the  support  of  these  conferences. 
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Workshops  and  conferences  generated  by  the  MIDP  and  lAIDP  will  be 
at  the  discretion  of  the  Program  Director  and  funded  by  program 
discretionary  funds.  In  some  cases,  R13  conference  grant  applications 
may  be  submitted  to  DRG.  Such  applications  may  be  funded  when  their 
priority  score  falls  within  the  pay  range. 


I.  REVIEW  AND  EVALUATION  BRANCH 

A.  Fiscal  Management  and  Analysis 

In  the  area  of  fiscal  management,  FY  1977  was  historic  for 
several  reasons.  First,  a  change  was  made  in  the  start  of  the 
fiscal  year  from  July  1  to  October  1.  Budget  projections, 
financial  plans  and  reports  had  to  be  adapted  to  the  new  time 
frame.  Second,  the  appropriation  for  NIAID  was  passed  early 
in  the  fiscal  year,  thereby  eliminating  for  the  first  time  in 
many  years  the  need  to  operate  under  a  continuing  resolution. 
Concurrent  with  these  changes  was  the  shift  in  the  meeting  cycle 
of  the  National  Advisory  Council  from  June/November/March  to 
October/ January/May.  Applications  approved  at  these  meetings 
in  FY  1977  increased  by  over  10%  in  number  over  FY  1976/76T0 
approvals.   (See  Figure  4) 

Zero  base  budgeting  became  a  reality  in  the  development  of  the 
FY  1979  Budget.  At  the  request  of  the  Secretary,  DHEW,  funding 
procedures  and  policies  for  grants  and  contracts  were  analyzed 
in  depth  in  order  to  identify  and  correct  major  deficiencies 
in  the  system. 


Funding  constraints  early  in  the  fiscal  year  were  Influenced 
largely  by  continuing  national  inflation,  escalating  Indirect 
cost  rates,  a  37%  rise  in  the  cost  of  supporting  the  research 
career  development  awardees,  and  the  residual  effett  of  the 
FY  1976TQ  competing  grant  activity  on  the  FY  1977  noncompeting 
regular  research  budget. 


The  funding  activity  in  FY  1977  is  reflected  in  Tables  I  and  II, 


Figure  4 


Number  of  NIAID  Grants  Funded  and/or  Reviewed-  FY  1970  thru  FY  1977 
Number  of  NIAID  Contracts  Funded-  FY  1^70  thru  FY  1977 
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TABLE  I 

1/ 
FY  1977  --REGULAR  RrSEARCII  GRANTS 
(Dollars  In  thousands) 

y 

PROGRAMS  TOTAL  AMOUNT 

IMMUNOLOGY.  ALLERGIC  AND  IMMUNOLOGIC  DISEASES: $  32.193 

Asthma  and  Allergic  Diseases  ,  1,950 

(Asthma  and  Allerqic  Disease  Cpnters $  1,396) 

Clinical  Immunology  and  Immunopathology  7,490 

Selective  Immunologic  Activation  4.036 

Lymphocyte  Biology  1,607 

MICROBIOLOGY  AND  INFECTIOUS  DISEASES: 44.629 

Biology  of  Sexually-Transmitted  (Venereal)  Diseases  2,637 

Bacterial  Diseases  Preventable  by  Vaccines  3,568 

Hospital-Associated  Infections  J   2,382 

Mechansims  of  Resistance  to  Antimicrobial  Agents  3,868 

Influonza  and  other  Respiratory  Diseases  1,806 

Viral  Hepatitis  667 

Antiviral  Substances  1.711 

Clinical  Virology  887 

Chronic  and  Degenerative  Diseases  of  Man  935 

Immunology  of  Parasitic  Infections  3,003 

Biological  Regulation  of  Vectors  1 ,987 

TOTAL  RFGULAR  RfSEARCH  GRANTS:  $  76,822 

jy     KMR's   fuid  Ctir(?ei-  Awards  are  not  liu  liidcd 

2/  Estimated  as  of  7/26/77 
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TABLE  II 

EAP-NIAID  COMPETING  APPLICATIONS 
(Reviewed/Approved/Funded) 


FY  1976 
(12  months) 

FY  1976 
(15  months) 

FY  1977 
(Estimated) 

RESEARCH  GRANTS: 

Reviewed 

Approved 

Funded 

Percent  of  Approvals  Funded 

1,015 
815 
184 
22.6% 

1,113 
890 
286 
32.1% 

1,217 

1.032 

255 

24.7% 

CAREER/ACADEMIC  AWARDS: 

Reviewed 

Approved 

Funded 

Percent  of  Approvals  Funded 

89 

69 

8 

11.6% 

102 
79 

22 

27.8% 

74 

69 

9 

13.0% 

FELLOWSHIPS  (INDIVIDUAL): 

Reviewed 

Approved 

Funded 

Percent  of  Approvals  Funded 

246 
220 

no 

50.0% 

246 

220 
96]/ 

43.6% 

125 

116 

41 

35.3% 

FELLOWSHIPS  (INSTITUTIONAL): 

Reviewed 
Approved 
Funded 

52 
48 
24 

52 
48 
24 

88 
76 
19 

Percent  of  Approvals  Funded      50.0%       50.0%        25.0% 


y     Reflects  cancellations  by  fellows  who  chose  not  to  accept  the  awards 
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Program  Analysis 

During  this  period  of  reorganization  of  the  Extramural  Program, 
the  Program  Analysis  Section,  Review  and  Fvaluation  Branch,  has 
continued  to  supply  programmatic  data,  analyses,  and  special 
reports  for  the  NIAID,  other  B/I/D's  at  the  NIH,  DHEW,  other 
federal  and  state  agencies,  and  members  of  Congress.  In  order 
to  satisfy  the  needs  of  new  Branch/Program  structures,  staff 
has  been  involved  with  representatives  of  the  Microbiology  and 
Infectious  Diseases  Program  and  the  Immunology,  Allergic  and 
Immunologic  Diseases  Program  in  redesigning  and  implementing 
the  Institute's  system  for  assignment  and  classification  of 
grants  and  contracts  active  and  pending  in  FY  1978.  Areas  of 
overlap  between  Branches/Programs  continue  to  be  defined, 
discussed,  and  resolved. 

An  increasing  burden  has  been  placed  on  the  Program  Analysis 
Section  to  provide  data  and  analyses  of  NIAID  grants,  contracts, 
and  intramural  projects  required  by  the  various  Commissions 
and  Coordinating  Committees  at  NIH  (e.g..  Arthritis,  Diabetes, 
Digestive  Diseases,  Blood  Related  Activities,  Cystic  Fibrosis, 
Nutrition,  etc.)  An  effort  is  being  made  by  Program  officials 
to  develop  an  information  retrieval  system  which  will  enable 
the  NIAID  to  keep  an  accurate  inventory  of  the  increasing 
number  of  programs  we  need  to  review  and  evaluate.  Updating 
of  the  annual  NIH  Clinical  Trial  Inventory  continues  to 
represent  a  substantial  investment  of  professional  and  clerical 
effort  in  the  area  of  program  analysis. 

Data  Control 


The  Data  Control  Section  has  continued  reporting  programmatic, 
budgetary,  and  management  activities  for  the  Extramural 
Activities  Program.  Additional  requirements  to  track  and 
report  awards  for  the  transitional  quarter  (TQ),  and  the 
necessity  to  produce  a  separate  section  for  the  TQ  in  the 
annual  awards  book  were  accomplished  in  good  order. 
Reporting  has  been  reprogrammed  to  accommodate  the  reorganization 
of  the  NIAID  along  programmatic  lines,  and  staff  is  actively 
involved  in  preparing  system  changes  for  the  new  scientific 
category  identifications  and  the  new  branch  designations, 
to  be  effective  at  the  beginning  of  the  next  fiscal  year. 

II.  PROGRAM  AND  PROJECT  REVIEW  BRANCH 

The  Program  and  Project  Review  Branch  formally  started  operations 
coincident  with  the  reorganization,  about  October  1976.  The  three 
initial  review  committees,  the  Allergy  and  Immunology  I'esearch 
Committee,  the  Infectious  Disease  Committee,  and  the  Transplantation 
Immunology  Committee,  are  assigned  to  this  Branch.  The  functions 
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of  all  three  have  been  expanded  to  include  the  review  of  both 

grants  and  contracts,  the  evaluation  of  selected  programs  of  the  MIAID, 

and  to  serve  as  advisory  bodies  to  the  Director  of  NIAID  on  program 

initiatives.  The  main  function  of  the  Branch  is  to  coordinate 

the  activities  of  all  three  Committees  so  that  uniform  methods  are 

used  and  to  insure  the  highest  standards  of  peer  review.  The 

grant  application  review  operation,  heretofore  borne  entirely 

by  the  AIRC,  is  now  distributed  among  the  three  Committees. 

The  heaviest  workload  has  been  with  the  Infectious  Disease 
Committee  which,  from  October  1976  to  July  1977  has  met  formally  as 
a  Committee  five  times  to  review  a  total  of  ten  program  project 
applications,  101  Institutional  fellowship  applications,  15  contract 
renewals,  ten  new  competing  contract  proposals  In  response  to 
three  RFPs  and  one  unsolicited  proposal.  In  addition,  two  ad  hoc 
reviews  were  conducted  on  competing  contract  proposals:  eight 
were  reviewed  in  May  1977  (Parasitology  Program)  and  19  in  June  1977 
(Enteric  Diseases  Centers  Program).  Several  ad  hoc  reviews  were 
also  conducted  on  renewal  contracts.  Twenty-one  more  renewal 
contracts  are  scheduled  for  primary  review  before  Fall  of  1977. 
On  the  evaluation  side,  two  programs  were  reviewed  in  October  1976 
(the  Antiviral  Substances  Program)  and  In  March  1977  (Sexually 
Transmitted  Diseases  Program). 

The  Transplantation  Immunology  Committee's  responsibilities  in 
review  have  been  expanded  to  Include  immunobiology,  immunogenetics 
and  immunochemistry.  It  held  a  meeting  in  November  1976  for  an 
overview  of  the  transplantation  immunology  program.  In  its  two 
subsequent  meetings  it  has  reviewed  two  program  projects  and  seven 
institutional  fellowship  applications  and  three  new  competing 
contract  proposals  in  response  to  one  RFP.  Advice  on  programs 
has  been  actively  sought  concurrent  with  these  meetings.  Three 
ad  hoc  reviews  on  renewal  contracts  were  conducted. 

The  Allergy  and  Immunology  Research  Committee  has  met  four  times 
since  October  through  July  1977,  reviewing  eight  program  projects 
and  Centers,  27  institutional  fellowships,  three  Allergic  Diseases 
Academic  Awards,  and  11  new  competing  contract  proposals  in 
response  to  three  RFPs.  An  ad  hoc  review  on  a  renewal  contract 
was  conducted. 

Without  question  the  executive  secretary  of  the  Infectious 
Disease  Committee  and  his  grants  clerk  have  more  than  their  share 
of  the  workload.  Assistance,  and  a  good  deal  of  cooperation  and 
patience  on  the  part  of  program  are  required  by  that  office. 
Program  and  EAP  staff  are  pitching  in  to  help. 

At  the  same  time,  a  full  time  executive  secretary  is  required  to 
serve  both  the  AIRC  and  the  TIC,  in  order  to  allow  the  Branch  Chief, 
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currently  serving  as  executive  secretary  of  the  AIRC,  to 
concentrate  her  efforts  on  the  coordination  and  monitoring  of  the 
three  Committees.  Recruitment  is  underway  for  an  executive  secretary. 

Program  staff  will  need  to  coordinate  their  efforts  in  the  release 
of  RFPs  for  new  competing  proposals  so  that  the  latter  can  be 
reviewed  during  the  regularly  scheduled  Committee  meetings  (which 
are  held  6-8  weeks  before  Council  meetings).  The  primary  review 
of  renewal  contracts  will  be  conducted  by  ad  hoc  groups,  with 
two  members  of  the  Committee  participating  at  each  review. 

III.  GRANTS  MANAGEMENT  BRANCH 

The  continuing  major  efforts  of  the  Grants  Manaqempnt  Branch  (GMB) 
are  to  issue  all  research  and  training  grants  and  awards  in  a 
timely  manner,  and  to  manage  the  funds  awarded  in  support  of  the 
projects  and  programs  in  accordance  with  funding  guidelines  endorsed 
by  this  Institute's  Policy  Council  and  DHEW/PHS/NIH  management 
policies  and  procedures  to  assure  maximum  use  of  alloted  funds  and 
to  allow  maximum  performance  by  the  awardees.  The  Institute 
reorganization,  rescheduling  of  the  Federal  fiscal  year,  and  major 
changes  in  DHEW/PHS  management  staff  resulting  from  the  National 
election  have  had  a  decided  impact  on  the  management  of  grants 
and  awards  programs. 

During  this  reporting  period,  GMB  assumed  responsibility  for  the 
management  of  the  International  Centers  for  Medical  Research  and 
the  Young  Investigator  Research  Grant  programs,  the  latter  being  a 
new  initiative  for  this  Institute.  The  authority  to  issue  research 
grant  awards  to  Federal  institutions  was  expanded  to  include  the 
Uniformed  Services  University  of  the  Health  Sciences,  Department  of 
Defense.  One  such  award  has  been  made  by  this  Institute.  It  is 
expected  that  this  authority  will  be  extended  prior  to  the  end  of  this 
fiscal  year  to  include  all  Federal  institutions  under  discretionary 
research,  training  and  demonstration  programs. 

There  was  a  substantial  increase  in  the  investment  of  effort  by 
grants  management  staff  in  the  analytical  review  of  pending  and 
published  policy  and  procedural  changes  resulting  from  OMB  and 
Departmental  initiatives  to  implement  a  system  for  the  reform  of 
lirw  discretionary  grant  awards  and  administrative  processes.  Some 
of  these  changes  have  been,  and  others  will  be  promulgated  as 
DHEW/PHS  Grants  Administration  Manual  Chapters  and  implementing 
NIH  Manual  Chapters.  PHS  Chapters  published  during  this  period 
with  major  impact  on  grants  management  functions  are:  1-03  - 
Grants  Management  Officer  Responsibilities  in  the  Administration 
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of  PHS  Grants,  1-55  -  Dissemination  of  Infonnation  About 
Discretionary  Grant  Programs,  1-67  -  Notice  of  Grant  Award,  and 
1-85  -  The  Project  Period  System  of  Obligating  Funds  for 
Discretionary  Project  Grants. 

The  Recombinant  DNA  Research  policy,  effective  FY  1977,  also 
impacted  on  the  management  of  grants  during  this  period.  The 
required  Memorandum  of  Understanding  and  Agreement  is  an  addition 
to  the  increasing  number  of  other  assurances  and  certifications 
required  prior  to  issuance  of  awards,  the  receipt  and  acceptance  of 
which  is  the  responsibility  of  GMB,  which  singly  or  collectively 
impedes  efforts  to  issue  awards  in  a  timely  manner. 

The  Grants  Management  Officer,  a  member  of  the  Grants  Management 
Advisory  Committee,  and  other  professional  members  of  GMB  staff, 
through  involvement  in  efforts  of  the  NIH  Extramural  Training 
Advisory  Committee  and  PHS/NIH-sponsored  seminars  and  workshops, 
participated  in  the  formulation  of  position  papers  for  presentation 
to  the  Director,  NIH,  and  NIH  Manual  issuances  affecting  the 
management  of  all  grants  and  awards  mechanisms. 

There  was  increased  involvement  by  GMB  staff  in  pre-award 
activities  of  the  Institute,  in  cooperation  with  program  staff  and 
the  three  NIAID  initial  review  committees.  Grants  Management 
Specialists  participated  in  a  select  number  of  site  visits  by  serving 
as  a  staff  resource  for  policy  and  procedures  which  pertain  to  the 
financial  aspects  of  grant  proposals.  Analyses  of  Federal  resources 
available  to  institutions  applying  for  program  project  and  research 
center  support  are  made,  and  reports  of  findings  are  prepared  for  use 
by  the  Executive  Secretaries  of  the  review  committees  in  the  conduct 
of  program  site  visits.  As  a  further  assist  to  the  Executive 
Secretaries,  statements  regarding  the  adequacy  of  applicant 
institutions  in  administering  grant  funds  and  the  budgetary 
recommendations  of  the  review  committees  were  prepared  for 
inclusion  in  Summary  Statements. 

Grants  Management  Branch  staff  continues  to  serve  as  a  resource  for 
grants  and  awards  policy  and  procedures  to  Institute  staff.  As  a 
result  of  the  Institute's  reorganization,  there  was  an  Increase  in 
the  number  of  staff  involved  in  program  management  of  grants  and 
awards.  GMR  staff  has  been,  and  will  continue  to  be  heavily 
Involved  during  this  transition  period  1n  the  orientation  and 
instruction  of  staff  in  the  review  and  management  processes. 
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IV.  RESEARCH  RESOURCFS  BRANCH 

The  Research  Resources  Branch  has  continued  to  be  a  part  of  the 
organizational  structure  of  the  Extramural  Activities  Programs 
and  Its  offices  continue  to  be  located  in  the  Westwood  Building. 
In  December  1976  the  Branch  Chief,  Dr.  John  E.  Nutter,  was  assigned 
to  the  NIAID  Office  of  the  Director  for  the  purpose  of  assisting 
them  with  the  planning  and  establishment  of  a  P-4  facility  for 
recombinant  DNA  research.  Dr.  Robert  J.  Byrne  has  been  serving 
as  Acting  Branch  Chief  in  the  Interim.  Mr.  Stanley  Nagle  was 
hired  in  March  1977  to  assume  responsibility  for  the  allergen 
reagent  program.  Other  staff  members  are  Dr.  John  G.  Ray, 
Mr.  Donald  B.  Hare  and  Mrs.  Sylvia  Cunningham. 

The  need  for  well  characterized  reference  reagents  as  an  adjunct 
to  research  is  well  recognized  and,  in  support  of  this  concept, 
the  Research  Resources  Branch  (RRB)  conducts  a  program  which  distributes 
a  wide  range  of  reagents  to  research  scientists.  In  all  program 
areas  the  branch  identifies  reagents  for  which  a  critical  need 
exists,  has  these  produced  or  acquired  through  the  contract 
mechanism,  has  them  fully  characterized  by  certification  or 
quality  control  laboratories,  and  distributes  them  as  reference 
reagents  along  with  information  and  technical  advice  on  reagent 
characteristics  and  use.  The  Branch  is  also  sponsoring  a  program 
for  the  construction  and  testing  of  safer  phage  and  plasmid 
vectors  for  E.  coll  hosts  that  will  facilitate  research  using  DNA 
recombinant  molecule  technology. 

A.  Immune  System  and  Diseases 

1 .  Asthma  and  Allergic  Diseases  Program  -  Allergen  Reagents 

Bulk  group  I,  II  and  III  ryegrass  (Lolium  perenne)  antigens 
produced  by  Worthington  Biochemical  Corporation  were  tested  by 
the  RRB  Allergen  Certification  Laboratory  and  are  now  undergoing 
final  testing  of  the  packaged  reagents.  Preliminary  data 
indicate  that  the  final  products  are  as  desired  and  these 
antigens  should  be  generally  available  and  listed  in  the  next 
issue  of  the  NIAID  Catalog  of  Research  Reagents. 

An  Investigational  New  Drug  application  has  been  filed  with 
BoB/FDA  for  whole  honey  bee  venom  and  hymenoptera  venom  diluent. 
A  request  has  been  made  to  extend  this  application  to  Include 
venoms  of  yellow  hornets,  white-faced  hornets,  yellow  jackets 
and  paper  wasps  following  receipt  of  histamine-release  data 
for  each  of  the  venoms.  The  venoms  and  diluent  will  be  employed 
in  a  collaborative  study  among  four  Asthma  and  Allergic  Disease 
Centers,  the  Walter  Reed  Army  Medical  Center  and  other  collaborat- 
ing investigators.  The  study  will  compare  the  efficacy  of  whole 
venoms  and  whole  body  extracts  in  the  diagnosis  of  the  specific 
allergies  by  sk1n  testing. 
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The  certification  l«boratory  for  the  aHflrqen  renoent  pronram 
remains  at  the  Mayo  Clinic  with  recent  ronewal  of  their  contract 
for  an  additional  two  years.  This  central  Independent  facility 
allows  the  Branch  to  quickly  verify  the  correctness  of  products 
produced  by  other  contractors.  In  addition,  this  laboratory 
can  expand  the  data  base  for  the  products  beyond  that  available 
from  producing  contractors,  especially  data  regarding  the 
biological  and  In  vivo  allergenic  activities. 

As  a  result  of  RFPs  Issued  in  mid  FY  '77,  proposals  have  been 
received  to  establish  an  allergic  dog  colony,  remake  ragweed 
antigen  E  and  prepare  polyvalent  ryegrass  antiserum.  An 
allergic  dog  colony  was  proposed  since  dogs  are  known  to 
develop  a  natural  state  of  immediate  hypersensitivity  to 
ragweed  pollen,  and  such  a  research  resource  would  be  of  great 
value  to  the  Institute's  allergic  disease  program.  Ragweed 
antigen  E  has  been  an  available  reference  reagent  from  RRB 
for  several  years,  but  the  supply  has  been  more  than  50% 
exhausted.  It  is  necessary,  therefore,  to  replenish  our 
stocks  of  this  useful  reagent.  Polyvalent  ryegrass  antiserum 
1s  required  as  a  companion  reagent  for  the  purified  ryegrass 
antigens  to  be  supplied  by  RRB  and  can  be  used  by  investigators 
to  follow  purification  of  desired  products.  It  is  anticipated 
that  these  proposals  will  be  reviewed  and  contracts  negotiated 
during  the  remainder  of  FY  '77. 

2.  Tissue  Transplantation  -  Reagents  and  Techniques 

Since  its  inception  In  1965  the  program  has  fostered 
considerable  research  in  defining  the  HLA  region  through  the 
support  of  newer  technology  for  histocompatibility  testing  and 
in  making  quality  reagents  available  to  worldwide  research 
laboratories.  During  FY  '77  contractors  were  funded  to  develop 
and  compare  new  and  various  tissue  typing  techniques;  produce 
a  continuing  supply  of  high  quality  histocompatibility  typing 
sera;  maintain  and  utilize  lymphocyte  reference  panels  to  serve 
as  a  standard  in  screening  sera  and  quality  control  testing; 
conduct  research  directed  at  discovering  new  antigen 
specificities  or  loci  in  the  HLA  region;  maintain  a  serum 
repository;  prepare  the  NIAID  Tissue  Typing  Trays;  and  process, 
package  and  freeze  dry  bulk  amounts  of  reagents  In  small  aliquots 
for  distribution. 

Refinements  in  typing  techniques  have  been  developed  and  are 
under  continued  evaluation.  Two  different  procedures  were 
developed  which  can  be  combined  Into  one  method,  that  will 
enable  an  investigator  to  screen  for  B  cell  reagents  without 
prior  absorption  with  platelets  and  without  the  need  of  R-cell 
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enrichment  of  the  target  cells.  These  discoveries  will 
foster  the  growth  and  development  of  B-cell  serology.  One 
procedure  with  the  use  of  a  two  color  fluorescence  test  enables 
the  recognition  of  antigens  on  B-cells,  T-cells  or  both  in  a 
single  sample  and  the  other  circumvents  the  very  elaborate 
and  time  consuming  procedure  of  platelet  absorbtion  by 
capping  with  beta  2  microglobulin.  The  eight  (8)  HLA-D 
determinants  which  were  recognized  with  homozygous  typing 
cells  (6  of  which  were  the  official  WHO  specificities, 
Dwl  to  Dw6)  have  been  better  defined  by  implementing  the 
Primed  Lymphocyte  Target  (PLT)  test. 

The  NIAID  Serum  Bank  is  managed  by  a  contract  with  Flow 
Laboratories  and  currently  contains  over  1900  sera  with  a 
total  volume  of  287  liters.  These  reagents  are  described  in  the 
Catalog  of  Tissue  Typing  Antlsera.  A  new  1976-77  edition  of 
this  catalog  containing  over  1200  pages  was  printed  and  has  been 
distributed  to  over  400  serum  users.  A  catalog  supplement  and  the 
1976-1977  Manual  of  Tissue  Typing  Techniques  prepared  by  Branch 
staff  were  also  sent  to  participants  of  our  Reagent  program. 
Additional  rare  C  locus  and  B-cell  antisera  were  acquired  for 
the  Bank.  The  availability  of  the  reagents  and  the  scope  of  the 
transplantation  programs  were  publicized  by  exhibits  at  the 
American  Association  of  Blood  Banks,  the  National  Kidney 
Foundation  and  the  American  Association  of  Clinical  Histo- 
compatibility testing.  Additions  to  the  Bank  in  calendar 
year  '76  include  54  sera  obtained  by  contracts  with  the 
Cleveland  Clinic,  the  University  of  Leiden  and  Scripps  CUnic, 
83  donated  by  28  tissue  typing  laboratories  and  56  purchased 
from  9  other  sources.  Eight  (8)  typing  laboratories  performed 
.quality  control  studies  on  the  sera  prior  to  their  acquisition, 
thereby  assuring  reliability  of  the  reagents.  The  demands  on  the 
Bank's  resources  are  growing  due  to  the  increases  in  the  number 
of  world-wide  solid  organ  and  bone  marrow  transplants, 
increased  studies  on  the  relationship  between  HLA  antigens 
and  a  variety  of  diseases;  and  donor-recipient  matching  for 
platelet  and  white  blood  cell  transfusions.  The  Bank  made 
1501  shipments  to  335  investigators  during  calendar  year  '76 
and  these  were  processed  by  the  contract  at  Flow  Laboratories. 

Microbiological  Associates  Inc.  continues  to  produce  and 
package  for  delivery  to  clinical  transplant  centers  HLA  serum 
typing  trays.  This  is  an  attempt  to  standardize  the  reagents 
and  techniques  clinically  employed  In  the  United  States  for 
determining  donor  and  recipient  HLA  antigenic  profiles  which 
are  used  in  selecting  the  best  solid  organ  or  bone  marrow  graft 
for  the  recipient  undergoing  transplantation. 
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The  current  72-wen  serum  typing  tray  contains  69  well-studied 
reliable  antlsera  which  define  18  antigens  of  the  HLA-A  Locus 
and  19  antigens  of  the  HLA-B  locus.  P^very   effort  1s  made  to  keep 
the  serum  composition  of  these  standardized  NIAID  trays  constant 
over  the  years,  and  the  quality  of  their  production  and  effective- 
ness Is  regularly  monitored  by  Independent  laboratories.  The 
contractor  has  consistently  produced  high  quality  trays  which 
are  used  In  the  transplant  programs  throughout  the  United  States. 
During  the  FY  '77  contract  period,  this  contractor  has  produced 
approximately  19,000  trays. 

The  Jackson  Laboratory  continues  its  relationship  to  these  programs 
as  contractor  for  the  production,  storage,  quality  control,  and 
distribution  of  mouse  H-2  alloantlsera  to  qualified  Investigators. 
This  program  was  designed  to  provide  Immunologlsts  and  Immuno- 
genetlclsts  with  high  quality,  standardized  mouse  H-2  histo- 
compatibility antlsera  for  their  research  on  cellular  and  humoral 
Immunity,  graft  rejection,  tissue  compatibility,  diseases  of 
tissue  degradation  and  oncogenesis  In  the  mouse  model.  The 
mouse  Immunogenetic  system  and  Its  corresponding  tissue  antigens 
react  similarly  to  the  HLA  system  of  man  and  therefore  Is  of 
basic  interest  In  enhancing  our  knowledge  of  the  Immune  mechanism 
of  humans . 

During  FY  '77,  116  scientists  used  the  mouse  H-2  alloantlsera 
reagents.  Of  the  thirty-six  initially  prepared  antlsera, 
fourteen  are  now  completely  depleted  and  four  are  in  critically 
low  volumes.  Currently,  the  Jackson  Laboratory  is  preparing 
additional  volumes  of  these  antlsera  prior  to  the  termination 
of  the  contract.  In  addition,  this  contractor  produces  a  very 
limited  selection  of  non-H-2  antlsera. 

A  contract  with  the  Washington  University  has  been  involved  in  the 
production  of  mouse  antlsera  specific  for  antigens  located  in  the 
mouse  I  region.  Initial  efforts  were  directed  at  the  production 
of  antlsera  specific  for  antigens  la  1 ,  la  3,  la  5,  la  7,  and 
la  8,  and  these  have  been  produced  and  are  undergoing  final 
analysis  prior  to  release  sometime  in  September  1977.  Currently 
the  contractor  is  preparing  antlsera  to  la  2,  11,  9,  20  and  control 
antlsera  to  D°  and  K^^.  These  antigens  have  been  identified  as 
being  Important  determinants  for  the  immune  response  in  mice 
and  will  provide  researchers  in  this  area  with  critically 
needed  reagents. 

The  Branch  has  been  given  the  responsibility  for  managing  the 
contract  at  Flow  Laboratories  for  the  maintenance  and  breeding 
of  rabbits  of  known  genotype  for  use  in  immunological  studies. 


1GB 


Ni''-'^'/  iAGK  NO.   t 

<-b8 


rypiNfT  G..i 


These  rabbits  have  genetically  defined  five  IgG  allotypes  1n 
three  genetic  loci.  Current  efforts  are  being  directed  toward 
definition  of  HLA  markers  and  polypeptide  recognition  on 
different  genes,  especially  the  Immune  response  (IR) 
determinants.  The  future  goals  of  this  project  are  to  study 
and  manage  genetically  the  Immune  response  mechanisms  which  are 
analogous  to  studies  currently  on  going  In  man  and  mice. 

B.  Infections 

1 .  Nucleic  Acid  Recombinants  -  Biotechnology 

During  the  last  three  years  the  technology  for  the  cloning  of 
heterologous  DNA  In  prokaryotic  organisms  has  been  developed  to 
an  advanced  degree.  This  technology  has  the  potential  of  being 
applied  to  the  solution  of  a  wide  variety  of  problems  of  current 
interest  to  biomedical  researchers  in  many  disciplines  and  the 
potential  benefits  have  been  widely  discussed  in  both  the  public 
and  scientific  literature.  There  are,  however,  potential  risks 
associated  with  the  indiscriminate  use  of  the  technology,  and 
primarily  these  revolve  around  the  Inadvertent  introduction  of 
toxins  or  other  virulence  factors  into  the  prokaryotic  host  and 
their  subsequent  escape  from  the  laboratory  and  infection  of 
natural  hosts  Including  man.  Physical  containment  practices  are 
in  rather  widespread  use  in  laboratories  doing  work  with 
pathogenic  microbes.  Physical  containment  procedures  are,  however, 
not  foolproof  and  there  remains  a  potential  biohazard  if  equipment 
failure  occurs  or  there  is  a  breach  in  technique.  At  the 
Asilomar  Conference  in  February  1975,  the  concept  of  biological 
containment  was  developed  and  is  based  on  the  presumption  that 
vectors  and  hosts  for  DNA  cloning  can  be  constructed  that  are 
absolutely  dependent  on  carefully  controlled  laboratory  conditions 
for  viability.  Such  vectors  and  hosts  would  "self-destruct" 
once  removed  from  the  specifically  designed  environment  and,  there- 
fore, not  present  a  biohazard  to  the  community. 

The  staff  of  RRB  has  been  working  with  members  of  the  NIH 
Recombinant  DNA  Molecule  Program  Advisory  Committee  throughout 
FY  '76  and  FY  '77  in  structuring  a  program  aimed  at  the 
construction  and  testing  of  such  safer  vectors  and  hosts. 

During  this  period  two  contractors  (University  of  Alabama  and 
University  of  California  at  Los  Angeles)  have  been  involved  in 
the  preparation  of  safer  F.  coli  hosts.  The  University  of 
California  at  San  Diego  is  developing  plasmid  vectors  for  this 
bacterium.  The  University  of  Wisconsin  and  the  University  of 
California  at  Los  Angeles  have  been  producing  safer  bacteriophage 
vectors  for  F.  coll  hosts.  The  contract  with  the  University  of 
Wisconsin  is  now  completed  and  efforts  on  this  contract  have 
made  available  three  phage  systems  which  have  been  certified  as 
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EK-2  by  th§  NIH  Recombinant  DNA  Molecule  Program  Advisory 
Committee.  The  University  of  Alabama  has  also  shipped  the 
host  Chi  1776  to  be  packaged.  Work  on  the  other  contracts 
should  be  completed  during  the  first  quarter  of  1978. 

nuring  the  transitional  quarter  1976,  four  testing  contracts  were 
awarded.  The  University  of  Michigan  is  responsible  for  testing 
of  vector-host  systems  In  mammals;  Palo  Alto  Medical  Research 
Foundation  is  verifying  the  genetic  constitution  of  F.  coll 
hosts;  the  University  of  Southern  California  Is  responsible  for 
the  verification  of  the  genetic  constitution  of  bacteriophage 
vectors;  and  the  University  of  Texas  1s  verifying  the  genetic 
constitution  of  plasmid  vectors.  During  FY  '77  an  interagency 
agreement  was  made  to  the  Office  of  Naval  Research,  Oakland,  CA; 
this  facility  will  be  testing  vector-host  systems  in  laboratory 
conditions  simulating  accidental  spills.  During  the  last  quarter 
of  FY  '77,  it  is  anticipated  that  another  contract  for  testing 
vector-host  systems  in  mammals  will  be  awarded.  The  proposal 
for  this  work  was  reviewed  during  the  transitional  quarter  of 
FY  '76,  but  contract  award  has  been  delayed  pending  approval 
by  the  NIAID  Clinical  Research  Subpanel . 

A  sole  source  contract  proposal  for  testing  vector-host  systems 
in  sewage  was  reviewed  by  an  ad  hoc  advisory  group.  The  proposal 
was  disapproved  for  contract  award  because  the  proposed  contractor 
appeared  to  lack  the  expertise  in  recombinant  DNA  research 
necessary  to  successfully  pursue  the  goals,  and  because  the 
proposed  model  was  a  poor  representative  of  the  type  of  sewage 
treatment  facilities  common  throughout  most  of  the  United  States, 
etc.  This  was  the  second  unsuccessful  attempt  the  Rranch  had 
made  to  estfblish  a  sewage  testing  facility  for  the  ONA  vector- 
host  systems.  The  search  for  a  competent  facility  to  conduct  the 
necessary  sewage  testing  will  be  continued  in  FY  '78. 

RFP's  were  issued  in  mid  FY  '77  and  proposals  were  received  for 
processing  and  packaging  DNA  vector-host  systems  and  also  for  the 
establishment  of  a  plasmid  reference  center.  Both  RFPs  were 
developed  in  order  to  facilitate  research  using  DNA  recombinant 
molecule  technology.  In  the  first  instance  it  was  necessary  to 
determine  optimal  processing,  packaging  and  storage  conditions  for 
vector-host  systems,  and  to  have  a  facility  for  producing  bulk 
cultures  and  acting  as  a  processing  and  packaging  unit  for  those 
systems  to  be  stored  and  distributed  to  qualified  investigators. 
In  the  second  Instance,  a  plasmid  reference  center  was  required 
to  collect  and  coordinate  materials  and  information  on  bacterial 
plasmids.  This  contractor  is  required  to  verify  all  significant 
characteristics  of  the  plasmids  collected  and  to  develop  a 
catalog  that  describes  the  plasmids  according  to  taxonomic  data, 
origin,  early  history  and  published  synonyms.  NIAID  will  print 
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this  catalog  on  alternate  years  for  free  distribution  to 
Interested  laboratories.  Bulk  cultures  produced  by  the 
contractors  will  be  sent  to  RRB  for  processing,  packaging, 
storage  and  distribution. 

2.  Research  Resources  -  Research  Reagents 

This  program  area  was  the  primary  emphasis  of  RRB  during  its 
first  seven  or  eight  years  of  activity  and,  therefore,  the 
initial  program  objectives  are  rapidly  nearing  completion. 
Prior  years  of  intensive  work  have  resulted  In  completed  work 
nn  the  enteroviruses,  adenoviruses,  rhinoviruses ,  myxoviruses, 
and  the  agonts  and  antigens  of  hepatitis  A  and  B.   In  most  cases 
'■ppd  viru«:  prftpnrnlion'.  and  corrpsponding  antisera  nro  now 
rtvalUblfi  for  the  viruses  of  public  health  Interest,  and  It  is 
anticipated  that  only  rarely  will  new  reagents  in  these  categories 
be  required  as  new  serotypes  are  discovered  and  described. 

Reagent  production  for  the  arbovirus  group  Is  now  completed. 
The  arbovirus  certification  laboratory  located  at  Yale  University 
is  expected  to  finalize  all  testing  on  the  products  during  the 
last  quarter  of  FY  '77.  This  certification  laboratory  serves 
as  an  independent  source  of  data  on  acceptability  of  reagents 
and  provides  a  complete  characterization  of  reagents  produced  by 
other  contractors . 

The  contractor  at  St.  Jude  Children's  Hospital  is  nearing 
completion  of  work  aimed  at  producing  monospecific  antisera  against 
all  the  hemagglutinins,  neuraminidases,  ribonucleoproteins  and 
the."  matrix  protolnn  of  the  influenza  viruses  of  man  and  animals. 
Only  '.omo  v«^ry  ilirriciilt  antineuramlnldases  remain  to  be  tested 
and  all  work  on  the  project  will  be  a  valuable  resource  in 
identifying  new  or  unusual  serotypes  such  as  the  recent  Isolates 
of  swine  influenza  virus  from  human  cases. 

During  the  transitional  quarter  of  FY  '76,  a  contract  was  awarded 
to  Ohio  State  University  to  serve  as  a  viral  testing  laboratory 
to  service  the  total  program  area.  The  Branch  needs  such  a  facility 
to  verify  feedback  data  from  recipients  concerning  storage  stability, 
activity  and  viability  of  the  various  reagents  in  this  program. 

After  a  category  of  reagents  has  become  established,  and  the 

area  of  research  that  it  supports  is  well  defined,  it  1s  of 

questionable  value  for  RRB  to  continue  storing  and  distributing  that 

category  of  reagents  for  a  prolonged  period  of  time.  During 

FY  '75  it  was  determined  that  four  viral  reagent  groups  fall  into 

this  category  and  RRB  entered  into  a  five  year  contractual 

arrangement  with  the  American  Type  Culture  Collection  (ATCC)  to 
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transfer  the  enterovirus,  adenovirus,  rhlnovlrus  and  arbovirus 
reagent  collections  to  the  ATCC  whose  prime  function  Is  to 
store  and  distribute  these  types  of  reagents. 

Under  the  contractual  arrangement  with  ATCC,  samples  of  each 
reagent  type  will  be  preserved  as  a  museum  function.  The 
viability  or  homologous  antibody  activity  of  a  parallel  collection 
of  reagents  will  also  be  assayed.  After  successful  completion 
of  the  first  cycle  of  assay  for  each  group,  RRB  will  discontinue 
that  reagent  group  from  Its  catalog  with  a  notation  that  they  are 
available  from  ATCC  and  all  remaining  stock  of  that  group  of 
reagents  will  be  transferred  to  ATCC  for  its  custodianship. 
NIH  scientists  and  NIAID  contractors  will  be  provided  reagents 
without  cost  until  RRB  supply  is  depleted. 

During  the  Initial  two  years  of  the  5  year  contract,  50  samples 
of  each  reagent  type  for  the  four  viral  reagent  groups  have  been 
transferred  for  the  museum  function.  The  assay  of  the  entero- 
virus and  adenovirus  groups  has  been  completed  and  based  on 
results  these  two  groups  have  now  been  transferred  to  the  ATCC. 

3.  Molecular  Anatomy  Program 

Evaluations  of  two  monovalent  (HBsAg/ad  and  HRsAg/ay)  and  a 
bivalent  vaccine  in  chimpanzees  were  continued  In  FY  '77.  The 
vaccines  have  passed  all  safety  tests  and  the  available  data 
to  date  indicate  that  vaccination  was  effective  in  preventing 
Infection  from  live  virus  challenge.  An  IND  for  administration 
of  the  HBsAg/ad  vaccine  was  submitted  to  the  RoB  on  June  14, 
1977,  and  the  first  human  clinical  trials  are  scheduled  for  the 
week  of  August  1,  1977.  In  vitro  assays  on  the  vaccine  were 
performed  in  order  to  characterize  it  in  terms  of  its  potency  and 
antigenicity. 

Hepatitis  B  virus  (Dane)  particles  were  purified  from  22-nm  forms 
and  plasma  components,  radiolabelled,  and  analyzed  for  their 
polypeptides.  Their  surfaces  contained  the  subtype-specific 
(d  or  y)  determinants  and  lacked  HBeAg.  Purified  22-nm  forms 
of  HBsAg  were  modified  with  neuraminidase  or  phospholipase 
A  and  C  and  triton  X-100.  The  treated  antigens  were 
characterized  by  biochemical  and  Immunological  procedures. 

The  structure  of  the  hepatitis  B  virus  DMA  genome  was  examined 
by  restriction  nuclease  treatment  of  the  product  of  the 
endogenous  DNA  polymerase  reaction.  Treatment  of  the  reacted 
DNA  with  Hae  III  resulted  In  eleven  fragments  which  totaled 
3307  nucleotide  pairs,  a  number  consistent  with  that  of  the 
entire  genome.  When  radiolabel  was  incorporated  into  the 
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DNA  by  the  polymerase  reaction,  nine  of  tli«i  oleven  fragments, 
were  labeled  representing  approximately  '^0t  (16?7  nucleotUle 
pairs)  of  the  HBV  genome. 

Dane  particles  isolated  from  human  plasma  consist  of  a 
population  of  particles  with  a  deleted  genome.  The  HNA  from 
this  population  appears  to  have  approximately  10^,  of  its  genome 
deleted  and  may  represent  defective-interfering  particles.  The 
proportion  of  the  total  Dane  particles  represented  by  this 
defective  population  varies  from  carrier  to  carrier. 

The  27-nm  particles  of  Hepatitis  A  were  concentrated  from  human 
stool  and  purified  in  density  gradients  for  further  biochemical 
study  of  their  structure. 

A  study  was  undertaken  to  assess  the  state  of  hepatitis  -  B  virus 
infection  in  a  group  of  asymptomatic  HBsAg  carriers.  The 
results  obtained  1n  this  study  clearly  demonstrate,  that  serum 
e-antigen  is  closely  associated  with  serum  hepatitis  -  B  virus 
specific  DNA-polymerase  activity,  HBcAg  in  serum  and  liver  cell 
nuclei  and  the  histological  picture  of  chronic  hepatitis.  When 
material  in  anti-positive  sera  was  highly  concentrated,  no 
HBV  specific  DNA-polymerase  activity  or  HBcAg  could  be  detected. 
In  liver  biopsy  specimens  no  HBcAg  could  be  demonstrated  and  the 
liver  histology  was  normal  or  only  fatty  changes  could  be 
observed.  Data  indicate  that  the  anti-e  sera  tested  contain  no 
DANE-particles  or  1f  present  these  particles  are  in  at  least 
500  fold  lower  concentration  than  found  in  sera  which  contain 
e-antigen. 

The  nucleic  acid  of  respiratory  syncytial  (RS)  virus  was 
isolated  from  large  180S  ribonucleoprotein  and  was  found  to  sediment 
as  47S  RNA;  this  RNA  was  fully  susceptible  to  RNase  A.  A  similar 
RNA  was  also  isolated  from  preparations  of  purified  RS  virus. 

C.  Processing  and  Distribution 

In  addition  to  the  various  program  elements  detailed  above, 
the  Research  Resources  Branch  also  distributes  coronaviruses, 
herpesviruses,  interferons,  mycoplasmas,  reovi ruses  and  rhino- 
viruses. 

The  processing  contract  for  all  reagents  remains  with  the 
American  Type  Culture  Collection  (ATCr)  and  work  1s  proceeding 
at  an  optimal  rate.  A  procurement  type  contract  was  also  awarded 
to  ATCC  during  FY  '77  for  the  processing  of  the  HLA  serum. 
Prior  to  this  period,  the  HLA  serum  was  processed  under  a 
contract  with  Ihp  American  Foundation  for  Riological  Research. 
Theso  projoctn  am   a  critical  part  1n  the  riesparch  Resources 
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Branch  since  the  expertise  of  the  processing  laboratory  Is 
relied  on  to  prevent  degradation  of  reagent  quality  during 
final  processing  and  packaging. 

The  Research  Resources  Branch  reagent  collection  (exclusive  of 
transplantation  reagents)  now  Includes  over  900  Individual 
reagents.  The  repository  and  distribution  contract  remains 
at  Flow  Laboratories,  Rockvllle,  Maryland;  a  tabular  record 
of  distribution  by  this  facility  since  FY  '71  follows: 
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DISTRIBUTION  OF  HLA  REAGFNTS 
FROM  THE  SFRUM  RANK 


Calendar  Year 

Shipments 

Volume  In  Liters 

1970 

492 

20.7 

1971 

770 

18.0 

1972 

997 

15.9 

1973 

1275 

16. n 

1974 

1341 

26.5 

1975 

1554 

26.7 

1976 

1501 

24.3 

1977  (6  months) 

760 

12.3 

<-b8 
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Fiscal 

year 

Total 

Transactions* 
638 

Total   amps .  S  vials 
Distributed 

1971 

12,902 

1972 

572 

21 ,801 

1973 

575 

19,181 

1974 

500 

9,932 

1975 

592 

6,751 

1976 

762 

10,188 

1976 

(TQ) 

192 

3,126 

1977  (Nine  months)         461  4,756 


♦Does  not  Include  the  shipments  made  for  testing  and  packaging 
purposes  and  reagents  transferred  to  the  American  Type  Culture 
Collection. 

The  following  four  (4)  tables  describe  the  distribution  of  reagents 
by  groups  and  also  by  Institutional  affiliation  during  the  TQ  and 
the  first  three  quarters  of  FY  '77. 
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RESEARCH  RESOURCES  BRANCH 
DISTRIBUTION  OF  SPECIFIC  VIRUS  GROUPS 
FY  1976  (TQ) 
July  1,  1976  -  Sept.  30,  1976 


#  of  Items 
Avail.  {%   of 
Inventory) 

Virus  Group 

SHIPMENTS 

#  of    %   of 

AMPOULES 

%   of  # 
#  of    Distributed 

70  (7.8) 

Adenovirus 

9 

4.7 

105 

3.4 

4  (  .4) 

Allergen 

19 

9.9 

95 

3.0 

204  (22.8) 

*Arbovirus 

12 

fi.2 

112 

3.6 

4  (  .4) 

Coronavirus 

0 

0 

0 

0 

231  (25.8) 

**Enterovirus 

31 

16.1 

875 

28.0 

9  (1.0) 

Hepatitis 

42 

21.9 

289 

9.2 

18  (2.0) 

Herpes 

3 

1.6 

7 

.2 

4  (  .4) 

Interferon 

19 

9.9 

41 

1.3 

86  (9.7) 

Mycoplasma 

13 

6.8 

209 

6.7 

79  (8.8) 

Myxovirus 
Paramyxovirus 
and  related 

14 

7.3 

58 

1.9 

6  (  .7) 

Reovirus 

3 

1.6 

10 

.3 

180  (20.2) 

Rhinovirus 

1 

.5 

2 

.1 

Combinations 

26 

13.5 

1323 

42.3 

Figures  based  on  192  shipments  and  3,126  ampoules  shipped  (excludes 
testing,  packaging  and  reagents  transferred  to  ATCC). 

♦Included  in  this  figure  are  6  shipments  of  Arbovirus  Grouping 
fluids  totaling  72  ampoules. 

♦♦Included  in  this  figure  are  16  shipments  of  Enterovirus  Typing 
Pools  totaling  221  ampoules. 
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RFSFARCM  RFSOURCES  BRANCH 
DISTRIBUTION  OF  SPECIFIC  VIRUS  GROUPS 
FY  1977  (3/4  year) 
OCTOBER  1,  1976  -  JUNE  30,  1977 


#  of  Items 
Avail.  {%   of 
Inventory) 

Virus  Group 

SHIPMENTS 
§   of    %   of 

AMPOULES 

%   of  # 
#  of    Distributed 

70  (7.7) 

Adenovirus 

25 

5.5 

188 

4.0 

14  (1.6) 

***A11ergen 

36 

7.8 

219 

4.6 

204  (22.5) 

♦Arbovirus 

25 

5.4 

336 

7.1 

4  (.4) 

Coronavlrus 

3 

.7 

10 

.2 

1  (.1) 

Cholera 

1 

.2 

1 

0 

231  (25.5) 

♦♦Enterovirus 

56 

12.2 

612 

12.9 

9  (1.0) 

Hepatitis 

66 

14.3 

471 

9.9 

18  (2.0) 

Herpes 

10 

2.2 

29 

.6 

4  (.4) 

Interferon 

77 

16.8 

192 

4.0 

86  (9.5) 

Mycoplasma 

41 

9.0 

929 

19.5 

79  (8.7) 

Myxovlrus 
Paramyxovirus 
and  related 

63 

13.1 

308 

6.5 

6  (.7) 

Reovlrus 

6 

1.4 

31 

.7 

180  (19.9) 

Rhinovlrus 

9 

2.1 

295 

6.2 

Combinations 

43 

9.3 

1135 

23.8 

Figures  based  on  461  shipments  and  4756  ampoules  shipped  (excludes 
testing,  packaging  and  reagents  transferred  to  ATCC). 

♦Included  in  this  figure  are  11  shipments  of  Arbovirus  Grouping  , 

fluids  totaling  96  ampoules. 

♦♦Included  in  this  figure  are  46  shipments  of  Enterovirus  Typing 
Pools  totaling  588  ampoules. 
♦♦♦4978  vials  of  Hymenoptera  Diluent  returned  to  Johns  Hopkins  (Dr.  Valentine) 
not  Included  in  this  figure. 
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During  this  year,  Branch  staff  has  been  updating  the  1975-1977 
edition  of  the  NIAID  Catalog  of  Research  Reagents.  Plans  are 
being  made  to  submit  the  1978-80  edition  to  the  Government 
Printing  Office  for  printing  during  the  first  half  of  FY  '78. 

The  Branch  has  continued  its  efforts  to  publicize  the  availability 
of  these  valuable  reagents  to  the  scientific  community.  In 
addition  to  the  meetings  described  under  the  Tissue  Transplantation 
section,  the  availability  of  reagents  was  incorporated  into  the 
NIAID  exhibit  which  was  shown  at  the  American  Society  for 
Microbiology  meetings  held  in  New  Orleans,  Louisiana.  The 
exhibits  were  well  received  and  a  great  deal  of  interest  was 
expressed,  especially  by  those  who  were  unaware  of  the  NIAID 
reagents  program. 
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PROGRAM: 


PART  A 
Individual  Contract  and  Agreement  Tabulation 
IMMUNE  SYSTEM  AND  DISEASE  -  ALLERGEN  REAGENTS    BRANCH:  RRB 


Principal  Investigator 

Contract  Number 
Contractor 
FY  '76  (TQ)  and/or 
FY  '77  Obligations 


Objectives  and  Findings 


Flora,  Robert 
AI  52516 

Worthlngton  Biochemical 
Prior  Year  Funds 

Glelch,  Gerald 
AI  42546 
Mayo  Clinic 
$42,300  (FY  '77) 


Goodman,  Howard 
AI  52503 

World  Health  Org. 
Prior  Year  Funds 


The  contractor  successfully  completed 
extraction  and  packaging  of  the  group 
antigens  I,  II  and  III  from  9  kilograms 
or  ryegrass  (Lollum  perenne)  pollen. 

This  facility  serves  as  the 
certification  laboratory  for  the 
Allergen  Reagents  Program.  Bulk 
products  are  assayed  to  ascertain 
that  they  meet  contract  specifications 
and  final  packaged  materials  are 
tested  for  potency  and  are  fully 
characterized. 

To  acquire  In  collaboration  with  the 
International  Union  of  Immunological 
Societies  on  International  Standard 
reagent  for  fluorescently  labelled 
anti -human  IgM. 


MM  l-jl 
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Individual  Contract  and  Agreement  Tabulation 
PROGRAM:   IMMUNf  SYSHM  AND  DISrASf  -  RrAGINT^  AND  riTIIMTC, 


Principal  Investigator 
Contract  Number 
Contractor 
FY  '77  Obligations 


Objectives  and  Findings' 


Rraun,  William  r . 

Ai  ni?9n 

Cleveland  Clinic. 
$170,800  (FY  '77; 


Operate  a  regional  leucocyte  pheno- 
typlng  facility,  to  evaluate  tissue 
typing  techniques;  to  match  donors 
and  recipients  in  kidney  and  bone 
marrow  transplants  so  as  to  be  able 
to  ascertain  their  degree  of  Immuno- 
logic identity  by  utilizing  micro- 
lymphocytotoxicity  typing  and  other 
cross  matching  procedures  including 
mixed  lymphocyte  culture.  More  than 
2000  sera  were  screened  for  HLA 
antibody  and  quality  typing  sera 
were  deposited  in  the  Bank  in 
fulfillment  of  the  contract's 
obligation.  Many  typing  sera  from 
Cleveland  Clinic  were  chosen  to  be 
used  in  the  Workshop  of  the  Americas 
and  the  1977  Oxford  International 
Workshop. 

The  cell  panel  was  improved  by  the 
addition  of  the  following  antigens: 
Aw36,  TT,  21  .1  ,  21.2  and  Hs .  This 
excellent  cell  panel  is  also  used  to 
test  the  quality  of  sera  being 
obtained  for  the  NIAID  Serum  Bank 
and  to  test  the  NIAID  Serum  trays. 
Their  typing  continues  to  show  an 
increase  in  the  number  of  saturated 
phenotypes  with  the  4-antigen 
percentages  now  at  77°'^.  Homozygous 
typing  cells,  which  were  established 
by  genotyping,  now  number  26.  One 
serologically  HLA  identical  sibling 
pair  was  found  in  which  MLC  stimula- 
tion occured.  Screening  for  B  cell 
antisera  and  disease  association 
work  was  <;tartpd.  This  work  was 
pcrtincnl  to  the  ultimate  goal  oT  tlu 
contract  hut  was  not  supported  by 
the  contract. 
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Cherry,   Marlanna 
AI  12257 

The  Jackson  Laboratory 
Prior  Year  Funds 


Perry,  Vernon 

AI  32508 

American  Foundation  for 

Biological  Research 
$30,000  (FY  '77) 


The  production,  storage,  quality 
control  and  distribution  of  mouse 
H-2  alloantlsera  to  qualified 
investigators.  During  FY  '77 
two  non  H-2  or  k  alloantlsera.  Thy 
1.1  and  Thy  1.2  were  released  for 
distribution  by  the  contractor, 
thus  bringing  the  total  antlsera 
available  for  distribution  to 
twenty-six.  Eighteen  H-2  d  or  k 
antlsera  are  in  very  low  supply  or 
are  depleted  and  the  contractor  Is 
producing  100  ml  each  of  these 
reagents. 

Freeze-drying  of  typing  sera.  To 
freeze-dry  typing  sera  In  a  manner 
which  completely  preserves  the 
typing  reactivity  of  the  reagent. 
During  FY  '77  approximately  33 
liters  of  antlsera  were  freeze- 
drled  in  1  ml  vials.  All  bulk 
reagents  are  now  shipped  at  ambient 
temperatures  and  this  has  resulted 
in  a  considerable  savings  in  the 
transportation  charges  Incurred. 
The  laboratory  continued  to  titer 
the  freeze-dried  antlsera  against 
selected  lymphocytes  and  then 
compared  their  results  against 
frozen  sera  titered  against  the 
same  cells  to  determine  If  there 
were  any  antlsera  that  had  lost 
activity. 


HIH-l  31 
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Shreffler,  Donald 
AI  62502 

Washington  University 
$65,036  (FY  '77) 


Spees ,  Everett 

AI  50003  (Interagency 

Agreement) 
Walter  Reed  Army  Medical 

Center 
Prior  Year  Funds 


Trapani ,  Robert-John 
AI  12443 

Microbiological  Associates, 
Inc. 

t.f>n.p,nn  (FY  '77) 


The  production,  packaging,  storage 
and  quality  control  of  mouse  anti- 
sera  pools  which  are  specific  for 
the  mouse  immune  response  (IR) 
region  antigens  (la  antigens). 
The  la  mouse  antisera  will  be  used 
by  immunologists  to  enhance  knowledge 
concerning  the  role  of  the  immune 
response  in  relation  to  mouse  H-2 
histocompatible  and  histoincompatible 
transplanted  tissue,  and  to  the 
predilection  and  control  of 
communicable  and  autoimmune 
diseases.  The  contractor  is  to 
produce  400  ml  each  of  five  antisera 
directed  against  Ia2,  Ia9,  lall, 
Ia20  and  anti  n^  K^^   specificities. 

Human  histocompatibility  and 
transplantation  immunology  quality 
control  testing  facility.  The 
laboratory  is  now  quality  control 
testing  the  NIAID  Tray.  They  are 
also  screening  serum  samples  sent 
in  by  other  laboratories,  comparing 
the  results  of  the  freeze-dried 
antisera  against  their  frozen 
counter-parts  and  testing  the  sera 
acquired  by  the  Branch  after  they 
have  been  processed,  packaged  and 
labeled  by  Flow  Laboratories. 

An  existing  computer  program  has  been 
revised  so  that  it  will  now  analyze 
C  locus  antisera  in  addition  to  the 
A  and  B  loci  reagents , 

The  contractor  prepares  and  evaluates 
human  histocompatibility  typing 
trays.  The  typing  of  HLA 
determinants  in  human  transplantation 
hy  us  inn  tho  hest  MIA  nntisora  in 
the  NIAIO  Serum  Bank  has  resulted 
in  the  delivery  to  U.S.  transplant 
centers  of  high  quality  72-well 
typing  trays  whose  results  are 
statistically  comparable  from 
laboratory  to  laboratory.  They  aid 
in  organ  exchange  programs  and  in 
the  analysis  of  the  efficacy  of 
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Trapani ,  Robert-John  (Continued) 


van  Rood,  J.J. 
AI  42508 

University  of  Leiden 
$116,098  (FY  '77) 


Sullivan,  Rudolph  R. 
AI  81406 

Flow  Laboratories 
$144,664  (FY  '77) 


histocompatibility  matching  In 
organ  graft  survival .  During  the 
FY  '77  contract  period  this 
contractor  produced  approximately 
19,000  trays  which  were  quality 
controlled  by  Independent 
laboratories  prior  to  being 
released  to  the  U.S.  transplant 
centers. 

To  continue  the  search  for  HLA 
antisera  and  to  Improve 
histocompatibility  testing  techniques, 
The  contractor  operates  a  large 
local  screening  program  and 
encourages  other  Eurotransplant 
centers  to  send  antisera  to  the 
NIAID  Serum  Bank.  The  Leiden 
program  produced  approximately 
5000  ml  of  much  needed  typing  sera 
for  the  bank  The  recognition  of  8 
HLA-D  determinants  which  were 
identified  with  homozygous  typing 
cells  (6  of  which  were  the  official 
WHO  specificities,  Dwl  to  Dw6) 
has  been  further  Improved  by 
implementing  the  PLT  test.  A  new 
test  procedure  was  developed  to 
recognize  the  B-cell  antigens  with 
the  use  of  two  color  fluorescence, 
A  special  study  was  performed  on 
the  heterogeneity  of  the  HLA 
antigens.  Evidence  for  the  follow- 
ing splits  was  demonstrated.  AI 
(Aw36);  A10(Aw34);  B5(B5.1,  B5.2 
and  HR),  B7(Bw42)  and  Bw40  (Bw40.1= 
407*  and  Bw40.2)  Their  W4  and  W6 
antisera  enabled  them  to  determine 
splits  in  the  Rw21 ,  Rwl5,  812  and 
Rw40. 

To  maintain  a  genetically  bred 
rabbit  colony  of  known  genotype  for 
use  in  immunologic  investigations. 
A  maximum  of  500  adult  rabbits  will 
be  bred  and  maintained  by  expert 
veterinary  care.  This  is  for  support 
of  high  priority  research  on  genetic 
control  of  the  Immune  response. 
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Rich,  Robert  R. 
AI  42529 

Baylor  College  of  Medicine 
Prior  Year  Funds 


A  study  of  cellular  mechanisms 
whereby  activated  T  cells  regulal.o 
the  response  of  normal  T  cells  to 
alloantigens .  The  contractor  has 
developed  techniques  for  activation 
of  murine  T  cells  which  suppress 
mixed  lymphocyte  reactions  (MLR) 
and  cytotoxic  lymphycyte  generation 
in  vitro.  These  suppressor  MLR 
cells  are  spleen-localizing  T 
lymphocytes  which  can  secrete  a 
soluble  factor  into  culture  media 
that  suppresses  MLR  response  cell 
proliferation  in  an  antigen- 
monospecific  manner.  This  active 
moiety  has  a  molecular  weight  of 
40,000-70,000  daltons;  does  not 
exhibit  IgM  or  IgG  determinants, 
but  contains  the  right  half  of  the 
H-2  complex.  It  functions  only 
when  the  cells  producing  the 
factor  and  the  MLR  responder  cells 
are  homologous  in  the  I-C  subregion 
of  H-2.  This  data  suggests  a 
physiologic  mechanism  for  homeo- 
static  regulation  of  cell-mediated 
immune  response. 


Miller,  Frederick 
AI  42533 

New  York  Suny  Res 
Prior  Year  Funds 


Study  the  immunosuppressive  effect 
of  alpha-globulin  fractions  in  an 
Found.       effort  to  selectively  suppress  the 
immune  response  by  altering  antigen 
recognition.  Five  active  serum 
immunosuppressive  substances 
were  found  by  the  contractor. 
These  substances  were  partially 
purified  and  a  90?'.  pure  product  from 
a  low  molecular  weight  human  serum 
fraction  suppressed  the  mouse 
immunological  mechanism  and  an  MLC 
reaction,  nose  response  curves  for 
the  immunosuppressive  activity  of 
this  fraction  were  determined  for 
this  pure  fraction  and  the  substance 
function  paralleled  the  regulation 
of  T  cell  activity. 
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Beer,  Allan  A  study  of  the  mammalian  uterus  as 

AI  42531  an  apparent  Immunologic  privileged 

University  of  Texas,  Dallas     site.  Inbred  rats  were  used  to 
Prior  Year  Funds  study  the  influence  of  maternal 

exposure  to  alien  histocompatibility 
antigens  during  paternal  antigens. 
Evidence  has  been  obtained  that  the 
principle  source  of  the  antigenic 
stimulus  for  inducing  hyporeactivity 
in  females  was  the  trophoblast. 
The  weakening  of  the  humoral 
response  was  more  striking  than 
that  of  the  cellular  immunity. 
These  findings  suggest  a  blocking 
antibody  or  suppressor  T  cells 
perform  important  immunoregulatory 
function  during  allogenic  pregnancy. 
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Individual  Contract  and  Agreement  Tabulation 
PROGRAM:   INFECTIONS  -  NUCLEIC  ACID  RECOMBINANTS  -  BIOTECHNOLOGY  BRANCH :PRR 


Principal  Investigator 
Contract  Number 
Contractor 
FY  '77  Obligations 


Objectives  and  Findings 


Blattner,  Frederick  R. 
AI  62506 

University  of  Wisconsin 
$19,671    (FY   '77) 


Curtis,  Roy 

AI   62508 

University  of  Alabama 

$9,889  (FY  '77) 


Construction  of  safer  lambda  phage 
cloning  vectors  for  E_.  coll  hosts. 
The  safer  vectors  will  be  able  to 
propagate  only  in  a  unique  laboratory 
adapted  host  and  be  unable  to 
establish  a  prophage  or  carrier 
state.  Thus,  their  dissemination 
in  nature  would  be  self-limiting. 
During  this  past  contractual  year, 
6  series  of  16  lambda  phage  vectors 
(Charons  1-16)  were  developed. 
Six  of  these  were  connected  to 
Amber  containing  versions,  tested 
for  containment,  and  submitted  to 
the  NIH  Recombinant  DNA  Advisory 
Committee  for  certification  as 
EK-2  systems.  The  phages  submitted 
were  Charon  3A,  4A,  13A,  14A,  15A 
and  16A.  Charon  3A,  4A  and  16A 
have  been  forwarded  to  the  RRB 
packaging  facility  for  processing. 
No  additional  work  will  be  conducted 
under  the  contract  as  the  contract 
requirements  have  been  fulfilled. 

To  construct  a  variety  of  £.  coli 
hosts  for  both  phage  and  plasmid 
vectors  of  HNA  recomhinant  molerules. 
Such  hosts  will  be  dependent  on 
specific  laboratory  controlled 
conditions  for  growth  or  survival 
and  will  thereby  markedly  improve 
the  safety  of  the  vector-host 
systems.  This  contractor  has  oro- 
ceeded  to  pursue  the  development  of 
debilitated  F^.  coli  suitable  for  use 
as  hosts  for  both  phage  and  plasmid 
systems.  His  approach  has  been  to 
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I  Curtis,  Roy  (Continued) 


Hellnski ,  Donald  R. 
AI  62509 
University  of  California 

at  San  Diego 
Prior  Year  Funds 


Ray,  Dan  S. 

AI  62505 

University  of  California 

at  Los  Angeles 
$16,404  (FY  '77) 


Wilcox,  Gary 
AI  62507 
University  of  California 

at  Los  Angeles 
$15,374  (FY  '77) 


use  several  separate  lines  of  work 
to  develop  a  series  of  bacterial 
strains  debilitated  1n  a  variety  of 
ways.  In  addition  he  has  worked 
in  close  collaboration  with  other 
contractors  to  develop  specific 
hosts  for  their  special  needs. 
This  collaborative  work  has 
resulted  in  bacterial  hosts 
suitable  for  4  phage  systems  and 
5  plasmid  systems  currently 
classified  as  EK-2.  Continuing  work 
should  produce  additional  useful 
strains  before  expiration  of  the 
contract  during  FY  '78. 

To  develop  safer  plasmid  vectors  in 
support  of  DNA  recombinant  molecule 
research.  Such  vectors  shall  only 
replicate  in  unique  laboratory 
adapted  hosts  and  be  non-conjugative 
and  poorly  or  non-mobilizable.  This 
contractor  is  developing  a  safer 
plasmid  vector  system  based  on  the 
E.  coll  plasmid  Col  El.  Although 
Fe  has  encountered  technical 
difficulties  in  proceeding  directly 
to  his  goal,  recent  developments 
in  the  work  indicated  that  he  will 
probably  be  able  to  produce  an 
appropriate  system  based  on  this 
plasmid. 

To  construct  a  safer  Ml 3  phage 
cloning  vector  for  DNA  recombinant 
molecules.     This  safer  vector  will 
be  able  to  propagate  only  in  a 
unique  laboratory  adapted  host, 
thus,  its  dissemination  in  nature 
will  be  self-limiting. 

To  construct  a  safer  E_.   coll  host 
for  Ml 3  phage  vector.  This  host 
will  be  dependent  for  growth  on 
unique  laboratory  controlled 
conditions  and  be  unable  to  transfer 
the  resident  vector  to  another 
bacterium. 
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Ray,  Dan  S.  and  Wilcox,  Gary 


Freter,  Rolf 
AI  62518 

University  of  Michigan 
$118,949  (FY  '76  TQ) 


Work  is  proceeding  on  a  three 
component  phage  system  based  on  the 
bacteriophage  Ml 3.  Unanticipated 
technical  problems  arose  during  the 
first  year  of  the  contracts 
necessitating  a  six  month  extension 
of  both.  It  is  now  anticipated 
that  this  work  will  be  completed 
and  a  safer  phage  vector  system  will 
be  delivered  by  the  end  of  the 
current  contract  period. 

This  facility  is  responsible  for 
the  testing  of  vector-host  systems 
in  mammals.  The  contractor  is 
developing  and  applying  monitoring 
procedures  for  the  testing  of 
£.  coli  and  some  of  its  plasmid  ind 
bacteriophage  DNA  cloning  vectors 
in  mammals.  To  date,  the  contractor 
has  been  developing  testing 
procedures  as  no  useful  data  on  the 
required  procedures  exist  In  the 
literature. 


Chatigny/Heckly 
70003 

Office  of  Naval  Research 
$37,875 


This  contractor  is  developing  and 
applying  monitoring  procedures  for 
the  testing  of  E^.  coli  and  some  of 
its  plasmid  and  bacteriophage 
DNA  cloning  vectors  in  laboratory 
conditions  characteristic  of 
accidental  spills.  The  survival 
rate  of  the  components  of  EK-1 
and  EK-2  vector-host  systems  in 
this  environment  will  be  determined 


Donch,  John 

AI  62519 

Palo  Alto  Medical 

Research  Foundation 
$59,882  (FY  '76  TQ) 


This  facility  is  responsible  for  the 
verification  of  the  genotypic 
constitution  and  phenotypic  traits 
of  £.  coli  hosts  for  cloning  DNA 
recombinant  molecules.  During  this 
period  the  nutritional  and  bio- 
chemical properties  of  Chi  1776 
and  the  optimal  or  near  optimal 
media  and  conditions  have  been 
verified. 
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L1eb,  Margaret 
AI  62516 
University  of 

Southern  California 
$30,871  (FY  '76  TQ) 


Clowes,  Roys  ton 
AI  62517 

University  of  Texas 
$34,573  (FY  '76  TQ) 


Contractor  is  responsible  for  the 
verification  of  the  genotypic 
constitution  and  phenotypic  traits 
of  phage  vectors  for  cloning  DNA 
recombinant  molecules.  During  this' 
period,  the  contractor  has  been 
making  preparations  to  test  Charon 
phages.  Conditions  for  the  growth 
of  phage  stocks  have  been 
investigated,  and  prototype 
experiments  of  the  type  required 
for  verification  have  been  performed 
with  a  Charon  ISA.  Bacterial 
strains  for  use  in  verification 
tests  have  been  prepared. 

This  facility  is  responsible  for 
verifying  the  genotypic 
constitution  and  phenotypic  traits 
of  plasmid  vectors  for  cloning  DNA 
recombinant  molecules.  During  the 
period,  the  contractor  has  been 
involved  with  the  preparation  of 
test  strains  and  in  establishing 
test  methods. 
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Individual  Contract  Agreement  Tabulation 
PROGRAM:   INFECTIONS  -  VIRAL  REAGENTS  BRANCH:  RRB 


Principal  Investigator 
Contract  Number 
Contractor 
FY  '77  Obligations 


Objectives  and  Findings 


Shope,  Robert 
AI  42517 
Yale  University 
Prior  Year  Funds 


Webster,  Robert 
AI  32516 

St.  Jude  Hospital 
Prior  Year  Funds 


Hughes,  John  R. 
AI  62513 

Ohio  State  University 
$16,056  (FY  '76  TQ)  ' 


This  laboratory  is  the  certification 
facility  for  the  arboviruses.  All 
reagents  in  this  category  are 
assayed  In  bulk  and  final  packaged 
form  to  assure  that  they  meet  contract 
specifications,  are  potent,  and 
completely  characterized.  This 
contract  will  terminate  this  year. 

This  contractor  is  producing  mono- 
specific antlsera  against  all  the 
known  subunlts  of  the  Influenza 
viruses  of  man  and  animals.  At  this 
time  he  has  produced  antlsera  for 
all  subunlts.  This  contract  will 
terminate  this  year. 

This  laboratory  serves  as  a  shelf- 
life  viral  reagents  testing  laboratory 
for  members  of  the  enteroviruses, 
rhinovirus,  adenovirus,  myxovlrus 
and  herpesvirus  groups.  Additionally, 
their  facility  will  identify  new 
enterovirus  serotypes  for  production. 
This  contract  will  ensure  the 
intpqrity  of  thpse  reference 
standard  reagents  by  assessing  the 
potency  and  purity  of  viral  reagents 
after  long  term  storage. 
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Individual  Contract  Agreement  Tabulation 
PROGRAM:  INFECTIONS  -  PROCESSING  AND  DISTRIBUTION        BRANCH:  RRB 


Principal  Investigator 
Contract  Number 
Contractor 
FY  '77  Obligations 


Objectives  and  Findings 


Adklns,  Harry 

AI  72-2515 

Flow  Laboratories 

$297,644  (FY   '77) 


Donovick,  Richard 
AI  75-2526 
American  Type 

Culture  Collection 
$129,000  (FY  '77) 


When  the  reagents  program  was  given 
the  responsibility  for  production 
of  reference  reagents,  other 
responsibilities  were  also  Included, 
i.e.,  the  development  and  main- 
tenance of  appropriate  means  to 
receive,  process,  store  and 
distribute  these  research  materials. 
The  contractor  fulfills  these 
responsibilities.  During  the  past 
year,  the  contractor  has  been  supply- 
ing the  storage  and  shipping  services 
for  the  RRB,  The  Developmental 
Applications  Branch,  the  Enteric 
Diseases  Branch  and  the  NCI.  As  a 
result  of  these  combined  activities, 
the  contractor  has  made  1140  shipments 
totaling  368,748  vials  and  75,700 
ml  of  bulk  material.  Approximately 
45  incoming  shipments  have  been 
handled  totaling  64,840  vials  and 
120,130  of  bulk  material.  (In 
addition  see  Immune  System  and 
Disease  -  Reagents  and  Technics). 

After  a  category  of  reagents  has 
become  established  and  the  area  of 
research  that  it  supports  is  well 
defined,  it  is  of  questionable 
value  for  RRB  to  continue  storing 
and  distributing  that  category  of 
reagents.  Therefore,  in  FY  '75, 
RRB  entered  into  a  cooperative 
enterprise  with  ATCC  to  transfer 
the  enterovirus,  arbovirus,  rhino- 
virus  and  adenovirus  reagent 
collection  to  the  ATCC  for  their 
custodianship  and  distribution; 
complete  transfer  of  the  four  viral 
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Donovick,  Richard  (Continued) 


reagent  groups  will  be  accomplished 
over  a  five-year  period.  During 
the  first  two  years  of  the  contract, 
50  samples  of  each  reagent  type 
for  the  four  viral  reagent  groups 
have  been  transferred  for  museum 
storage  purposes.  Under  the  terms 
of  the  contract  each  of  the  four 
collections  of  reagents  is  to  be 
assayed  for  viability  or  homologous 
antibody  before  the  complete 
transfer  is  made,  therefore,  the 
contractor  has  been  assaying  the 
enterovirus  and  adenovirus  groups 
during  this  initial  period.  The 
assay  of  these  groups  has  been 
completed,  the  test  results  have 
been  reviewed,  and  the  total  entero- 
virus and  adenovirus  collections 
have  been  transferred  to  ATCC. 


Stevens,  David  A. 
AI  74-2515 
American  Type 

Culture  Collection 
$46,838  (FY  '77) 


The  program  goals  of  the  RRB  are  to 
produce,  test,  package  and  distribute 
standardized  research  reagents  to 
the  scientific  community.  This 
contract  performs  all  the  packing 
services  required  for  the  Branch 
to  accomplish  its  program  goals. 
During  the  past  year,  the  contractor 
processed  a  total  of  42  reagent 
lots.  After  the  processing  is 
completed,  samples  of  the  final 
product  are  returned  to  the 
certification  laboratory  to  verify 
that  the  ampouled  contents  as 
identified  on  the  label  are  correct 
and  to  reverify  titers.  ATCC  has 
been  wery   careful  in  complying 
with  the  contract  specifications 
which  stipulate  that  only  one 
reagent  lot  should  be  handled  at  a 
time  in  order  to  alleviate  the 
possibility  of  mislabeling. 
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Individual  Contract  Agreement  Tabulation 
PROGRAM:  INFECTIONS  -  MOLECULAR  ANATOMY  PROGRAM  BRANCH:  RRB 


Principal  Investigator 
Contract  Number 
Contractor 
FY  '  77  Obligations 


Objectives  and  Findings 


Gerin,  John 

00002-07 

Energy  Research  and 

Development  Administration 
$127,900  (FY  76  TQ) 
$631,900  (FY  77) 


The  major  objective  Is  to  develop 
and  apply  methods  of  Isolating 
viruses  and  viral  antigens  and  the 
application  of  those  techniques  to 
research  on  associated  diseases. 
During  FY  '77  this  laboratory  was 
involved  In  a  variety  of  studies 
on  hepatitis  B  but  the  most 
significant  Involvement  was  the 
central  role  of  this  facility  In 
developing  a  hepatitis  B  vaccine. 
Two  monovalent  vaccines  have  passed 
all  safety  tests  and  data  to  date 
Indicate  that  vaccination  was 
effective  In  preventing  Infections 
from  live  virus  challenge.  The 
first  human  clinical  trials  for  these 
vaccines  are  scheduled  to  begin 
the  week  of  August  1,  1977.  Other 
project  areas  Investigated  were: 
Purification  of  Hepatitis  B  virus 
(Dane)  particles,  examination  of 
the  structure  of  hepatitis  B  virus 
DNA  genome,  concentration  and 
purification  of  hepatitis  A  from 
human  stool,  Isolation  and 
characterization  of  antigenic 
components  of  respiratory 
syncytial  virus,  as  well  as  serving 
NIAID  as  a  training  facility  for 
Intramural  scientists  in  selected 
techniques. 
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I.  Contract  Publications 

Allison,  J. P.,  M.A.  Pellegrino,  S.  Ferrone,  G.N.  Callahan  and  R.A. 
Reisfeld.  Biological  and  chemical  characterization  of  HLA  antigens 
in  human  serum.,  J,  Immunol,  (in  press). 

Alter,  H.J.,  R.H.  Purcell,  J.L.  Gerin,  W.T.  London,  P.M.  Kaplan, 
V.J.  McAuliffe,  J.  Wagner,  and  P.V.  Holland.  Transmission  of 
hepatitis  B  to  chimpanzees  by  hepatitis  B  surface  antigen-positive 
saliva  and  semen.  Infection  and  Immunity  16:  928-933  (1977). 

Alter,  H.J.,  L.B.  Seeff,  P.M.  Kaplan,  V.C.  McAuliffe,  E.C.  Wright, 
J.L.  Gerin,  R.H.  Purcell ,  and  P.V.  Holland.  Type  B  hepatitis:  the 
infectivity  of  blood  positive  for  e-antigen  and  DNA  polymerase 
after  accidental  needlestick  exposure.  New  Engl.  J,  Med.  295: 
909-913  (1976). 

Banowsky,  L.H.W.,  J.  Kilpak,  S.  Loening,  B.H.  Steward,  R.A,  Straffon, 
M,0,  Magnusson,  W.E,  Braun,  Conjoined  arterial  anastomosis:  an 
aid  in  revascularizing  donor  kidneys  with  multiple  renal  arteries, 
Cleve.  Clin,  Q.  42:247  (1975). 

Bradley,  B.A,,  Sheehy,  J.J,  Keuning,  A,  Termijtelen,  D,  Franks, 
J.J.  van  Rood.  Phenotyping  of  HLA-D  region  products  by  negative 
and  positive  mixed  lymphocyte  reactions,  Immunogenet.  3:  573-582 
(1976), 

Bradley,  B.A.,  A.  Termijtelen.  Cellology  of  HLA.  II,  Heterogeneity 
of  cellular  reactions  in  negative  HLA-D  typing.  Scand.  J.  Immunol. 
(1976  in  press). 

Bradley,  B.A.,  A.  Termijtlen,  D.  Franks,  J.J.  van  Rood.  Interpretation 
of  data  obtained  from  primed  lymphocyte  tests  (PLT).  Transpl. 
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1. 

Approximately  60  scientists  from  the  United  States  and  several    ! 
foreign  countries  participated  in  this  Branch  sponsored  workshop      | 
held  at  NIH,  Bethesda,  Maryland  on  June  3  and  4,  1976.  The  prime 
purpose  of  the  meeting  was  to  determine  if  reagents  for  this 
disease  complex  should  be  produced  as  part  of  the  Allergen  and  Immunologic 
Reagents  Program.  As  a  result  of  the  workshop,  it  was  concluded 
that  little  information  is  available  regarding  the  characterization  of 
antigens  in  these  allergic  lung  diseases.  It  was  suggested  that 
studies  concerning  the  possibility  of  standardization,  characterization 
and  purification  be  supported.  It  was  also  recommended  that  a  bank 
of  reference  sera  from  patients  with  hypersensitivity  lung  disease 
be  established.  The  Branch  has  been  unable  to  fulfill  these 
recommendations  as  funds  were  not  allotted  during  FY  '77.  A  request 
for  funds  will  be  made  again  in  FY  '78. 

The  proceedings  from  this  Workshop  will  be  published  in  the 
Journal  of  Allergy  and  Clinical  Immunology  within  several  months. 

2.  Conference  on  Molecular  Approaches  to  Eucaryotic  Genetic  Systems 

Partial  support  was  provided  for  the  Conference  on  Molecular 
Approaches  to  Eucaryotic  Genetic  Systems  held  at  Park  City,  Utah 
on  February  27-March  3,  1977.  The  organizing  principle  of  this  meeting 
was  to  bring  together  molecular  biologists  who  have  pioneered  and 
are  using  the  new  techniques  of  recombinant  DNA  research  and  DNA 
sequencing  together  with  geneticists  who  have  established  promising 
eucaryotic  genetic  systems.  Approximately  300  people  attended  this 
conference.  The  proceedings  of  the  conference  will  be  published  as: 
Molecular  Approaches  to  Eucaryotic  Genetic  Systems  (ICN-UCLA 
Symposia  on  Molecular  and  Cellular  Biology),  ed.  G.  Wilcox,  J.  Abelson 
and  C.F.  Fox. 

3.  The  Sixth  International  Congress  of  the  Transplantation  Society 
Meeting 

We  participated  in  an  inter-institute  contract  which  provided 
partial  support  to  the  Society  for  the  Conduction  of  their  meeting 
which  was  held  in  New  York  City,  August  22  to  28,  1976,  at  the 
Waldorf  Astoria  Hotel. 


The  Third  Annual  Meeting  of  the  Ann 
Histocompatibility  Testing  (AACHTT 


The  Institute  was  one  of  three  NIH  Institutes  who  partially 
supported  the  annual  meeting  of  the  AACHT  in  New  Orleans,  Louisiana, 
April  18-21,  1977.  The  contract  awarded  to  the  AACHT  provided  funds 
for  the  administrative  and  logistic  support  of  the  meeting. 
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V.   CONTRACT  MANAGCMFNT  BRANCH 

The  Institute's  Contract  Management  Branch  (CMB)  was  transferred 
organizationally  on  March  17,  1977,  from  the  Office  of  the 
Director  to  the  Extramural  Activities  Program.  The  CMR  provides 
contract  services  to  the  Institute's  Research  Program,  Including 
the  solicitation,  negotiation,  award,  administration  of  all 
Institute's  Research  contracts.  The  CMB  will  continue  to 
implement  contract  policy  and  procedures  promulgated  by  higher 
procurement  authority. 

In  the  past  year  there  has  been  a  turnover  in  key  personnel. 

New  staff  include  Mr.  Lewis  S.  Pollack,  Chief  of  the  Branch, 

Mr.  Gregory  J.  Pryor,  Mr.  Harry  Levlne  and  Mr.  Robert  Kelley  (Stride) 

Mrs.  Mildred  Applestein  and  Ms.  Toni  Abbaticchlo  have  continued  as 

contract  specialists.  Mrs.  Applestein  acted  as  Branch  Chief  1n  the 

period  from  April  to  June  1977. 

It  Is  estimated  that  there  will  be  180  active  contracts  with  a 
FY  1977  allocation  of  $14,811,000.  One  of  the  principal  objectives 
of  the  CMB  is  to  spread  the  workload  more  evenly  through  the 
coming  fiscal  year  by  shifting  contract  renewal  dates  and  new 
starts  as  equally  as  possible  in  each  quarter. 
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Summary  of  Program 
Laboratory  and  Clinical  Research,  NIAID 
July  1,  1976  through  September  30,  1977 

Office  of  the  Scientific  Director 

The  ensuing  pages  contain  individual  reports  and  summaries  from  the  nine  Labora- 
tories that  comprise  the  Intramural  component  of  the  National  Institute  of 
Allergy  and  Infectious  Diseases.   Administrative  responsibility  for  the  over- 
all Intramural  Research  Program  lies  with  the  Office  of  the  Scientific  Director 
(OSD) .   The  OSD  has  a  staff  of  36  who  assist  the  Scientific  Director  and  the 
various  Laboratories  in  the  management  and  administrative  functioning  of  the 
Intramural  Research  Program.   As  a  result  of  previous  laboratory  reorgani- 
zations, two  intramural  scientists,  Drs.  S.  Stone  and  R.  Repaske,  are  also 
assigned  to  the  OSD.   As  indicated  below,  a  new  and  additional  Laboratory,  the 
Laboratory  of  Immunogenetics,  has  been  created  during  the  past  year. 

The  position  of  Scientific  Director  continued  to  be  filled  in  acting  capacity 
by  Laboratory  Chiefs,  but  it  is  expected  that  this  position  will  be  assumed  by 
a  permanent  appointee  at  the  beginning  of  the  new  fiscal  year  in  late  September 
or  October,  1977.   Dr.  Roger  M.  Cole,  Chief  of  LSD,  served  as  Acting  Scientific 
Director  until  December  1,  1976,  at  which  time  Dr.  Franklin  A.  Neva,  Chief  of 
LPD,  took  over  on  an  interim  basis.   The  staff  of  the  OSD  have  performed  most 
effectively  and  have  been  extremely  helpful  in  carrying  on  their  work  during 
this  difficult  period.   Even  though  a  larger  budget  for  L&CR  activities  was 
provided  during  the  past  year,  this  has  been  outstripped  by  increasing  costs, 
particularly  for  experimental  animals,  which  have  again  required  supplementation 
from  the  Director's  Reserve.   These  increased  costs  mainly  reflect  inflation 
in  the  cost  of  laboratory  supplies  and  animals  rather  than  any  significant  new 
research  programs.   However,  some  additional  resources  did  permit  the  initi- 
ation of  work,  by  Drs.  M.  Martin  and  W.  Rowe,  directed  toward  assessing  some 
of  the  hazards  of  recombinant  DNA  research. 

The  centralized  Animal  Care  Section,  under  the  leadership  of  Mr.  Carter  Smith, 
has  provided  a  high-level  service.   While  a  few  Lab  Chiefs  still  express  some 
misgivings  about  certain  features  of  the  centralized  animal  care  system,  the 
consensus  of  opinion  clearly  indicates  that  the  new  system  has  resulted  in  an 
improvement  in  animal  care  and  better  service  for  the  whole  Intramural  Program. 

Dr.  Sanford  Stone,  assigned  to  the  OSD,  has  continued  his  work  on  allergic 
encephalomyelitis  (AEM)  in  inbred  guinea  pigs.   This  is  a  demyelinating  auto- 
immune process  similar  in  many  respects  to  the  human  disease  of  multiple 
sclerosis.   During  the  past  year.  Dr.  Stone  has  focused  his  attention  on  a  more 
chronic  model  of  AEM,  both  with  respect  to  pattern  of  changes  in  relative 
T  and  B  cell  populations  that  occur  as  well  as  in  the  biochemical  changes 
that  take  place  in  central  nervous  system  proteins.   Also,  the  protective 
activity  of  killed  mycobacteria  in  adjuvants  against  the  more  chronic  allergic 
encephalomyelitis  was  shown  to  occur. 
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Dr.  Roy  Repaske  has  continued  his  Investigations  on  the  regulation  of  growth 
and  division  of  both  procaryotic  and  eucaryotic  cells  by  CO2  and  the  relation- 
ship of  CO2  to  bicarbonate  concentrations.   Bacterial  cells  were  found  to  go 
through  one  round  of  multiplication  without  an  increase  in  protein  synthesis 
when  CO2  was  deleted.   This  resulted  in  a  cell  population  approximately  half 
their  former  size.   Primary  mammalian  cells  in  culture  were  found  to  have  much 
higher  requirement  for  CO2  in  order  to  multiply  than  transformed  cells. 
Studies  of  the  effect  of  CO2  were  also  extended  to  protozoan  parasite. 
Entamoeba  histolytica.  The  CO2  concentration  clearly  plays  a  vital  role  in 
metabolic  function  with  a  variety  of  cells. 

During  the  past  year,  three  of  the  Intramural  Laboratories  have  been  reviewed 
by  the  Board  of  Scientific  Counselors — the  Laboratory  of  Parasitic  Diseases 
in  June  of  1976,  and  the  Laboratories  of  Immunology  and  Microbial  Immunity 
In  June  of  1977.   A  revised  format  was  utilized  for  this  review  in  which 
additional  ad  hoc  consultants  were  used  to  assess  parts  of  laboratory  program 
where  expertise  was  not  represented  on  the  existing  Board,  and  by  a  much  more 
detailed  review  of  the  research  programs  of  individual  Investigators.   In 
addition.  Investigators  submitted  written  reports  of  their  work  with  con- 
siderably more  emphasis  than  in  the  past  on  their  future  research  plans  and 
, the  rationale  for  them.  The  application  of  this  new  format  to  the  meeting  was 
'only  partially  carried  out  with  the  Laboratory  of  Parasitic  Diseases,  but  with 
the  benefit  of  this  experience,  was  utilized  for  the  review  of  the  two 
immunology  laboratories.   One  important  feature  of  this  new  type  of  review  is 
the  visit  of  the  ad  hoc  consultants  to  the  Laboratory  prior  to  the  meeting 
of  the  Board  and  the  opportunity  for  them  to  interact  in  more  detail  with  the 
senior  Investigators  being  reviewed.  With  such  a  review,  the  Scientific 
i Director  and  the  administration  can  get  a  much  more  comprehensive  and  critical 
evaluation  of  a  laboratory's  research  program. 

The  Laboratory  of  Parasitic  Diseases  received  a  generally  favorable  rating 
with  some  concern  expressed  that  the  organization  by  names  of  various 
Sections  was  not  completely  indicative  of  the  work  going  on  in  those  Sections. 
Also,  some  members  of  the  Board  felt  that  Immunology  of  parasitic  diseases 
should  be  recognized  by  a  separate  Section,  but  the  Chief  of  the  Laboratory 
vigorously  defended  the  philosophy  of  Integrating  research  on  Immunology  of 
parasitic  Infections  within  existing  Sections  and  not  isolating  Immunology 
apart  from  other  components  of  the  Laboratory. 

The  Laboratories  of  Immunology  and  Microbial  Immunity  received  very  favorable 
ratings.   The  work  carried  on  by  these  Laboratories  was  felt  to  represent 
a  standard  of  research  to  be  emulated  by  other  research  laboratories.  Some 
question  was  raised  about  the  relatively  little  attention  being  given  to 
immunologic  host  responses  at  the  level  of  their  action  upon  microorganisms 
instead  of  emphasis  on  immunologic  events  at  a  much  earlier  stage  in  the 
host  response.   Also,  there  was  concern  over  whether  the  newly  created  Labora- 
tory of  Immunogenetics  would  overlap  or  duplicate  the  excellent  work  already 
under  way  in  this  field  in  the  two  laboratories  of  immunology. 

A  Laboratory  of  Immunogenetics  has  been  created;  it  Is  headed  by  Dr.  Thomas 
Kindt  who  was  previously  at  Rockefeller  University.  The  work  of  this  Labora- 
tory will  focus  upon  genetic  control  of  the  Immune  response  with  emphasis  upon 
immunochemlstry.  206 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

For  some  years,  we  have  been  using  the  unique  tool  of  inbred  guinea  pigs  avail- 
able at  the  NIH  for  investigation  of  particular  areas  of  the  immune  response 
concerned  with  mechanisms  of  hypersensitivity  and  protection  against  infectious 
and  autoimmune  diseases.   Advantages  lie  in  the  ability  to  perform  viable 
adoptive  transfers  of  lymphoid  cells  and  in  the  capacity  to  study  genetic  factors] 
in  certain  hypersensitivity  and  autoimmune  phenomena.   For  these  reasons,  we  have 
concentrated  recently  on  the  pathogenesis  of  an  age-dependent,  strain-dependent 
chronic  autoimmune  encephalomyelitis  which  is  strongly  reminiscent  of  multiple 
sclerosis  in  man,  and  on  the  prevention  and  treatment  of  this  condition  using 
various  tolerance- inducing  techniques. 
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Subproject  I  -  Comparison  of  the  pathogenesis  of  acute  and  chronic 
encephalomyelitis 

In  efforts  to  determine  differences  between  acute  allergic  encephalo- 
myelitis (EAE)  and  the  chronic  model  of  EAE,  comparisons  are  being  made  at 
several  levels  during  the  development  of  these  diseases.  Cellular  immuno- 
logical mechanisms  are  being  examined  on  the  one  hand,  and  biochemical  changes 
in  the  central  nervous  system  during  the  course  of  the  diseases  are  determined 
on  the  other. 

To  test  fluctuations  in  the  percentages  of  subpopulations  of  circulating 
T  and  B  cells  during  the  course  of  the  two  forms  of  EAE,  resetting  techniques 
employing  rabbit  erythrocytes  were  used  for  T  cells.  B  cells  were  estimated 
by  direct  immune  fluorescence.  Changes  in  the  subpopulations  of  lymphocytes 
during  the  courses  of  the  two  diseases  might  give  some  insights  into  mechanisms. 
There  are  fluctuations  in  the  percentages  of  high-affinity  resetting  T  cells 
during  the  course  of  acute  EAE  with  increases  seen  prior  to  clinical  signs, 
followed  by  abrupt  decreases  as  the  disease  progresses  until  death.   Such 
high  affinity  T  cells  have  been  associated  in  other  studies  with  cell-mediated 
immunity  and  cytotoxicity.  Current  activities  Involve  attempts  to  distinguish 
a  reproducible  pattern  of  changes  in  T  or  B  cell  populations  In  the  chronic 
EAE,  a  more  difficult  problem  given  the  chronic  course  and  the  complexities 
of  age-straln-and  sex  dependence. 

The  demyelination  that  occurs  in  the  chronic  EAE  is  very  extensive  in 
.comparison  with  acute  EAE.   The  products  of  myelin  breakdown  are  of  interest 
from  a  pathological  or  diagnostic  viewpoint,  and  are  currently  being  examined 
by  Quarles  et  al.  They  have  shown  that  subfractlonation  of  purified  CNS  myelin 
'reveals  a  wide  variety  of  membraneous  fragments  with  different  biochemical 
composition  and  morphological  appearances.  Collaboration  with  this  group 
entails  the  examination  of  CNS  tissues  from  animals  undergoing  acute  and 
chronic  EAE  for  changes  In  the  amounts  of  membraneous  proteins  and  in  the 
activity  of  2' 3'  cyclic  nucleotide  3'  phosphohydrolase  (CNP)  associated  with 
them.  During  acute  EAE,  over  a  12-day  period  after  sensitization,  there  were 
significant  changes  in  the  amounts  of  protein  recovered  of  the  different  sub- 
fractions  from  spinal  cord  samples,  and  changes  in  CNP  activity.   A  striking 
change  was  in  the  lightest  ("floating")  fractions  of  myelin  from  a  sucrose 
gradient  (Fj)  which  increased  in  percent  of  total  cord  protein  while  showing 
definite  decreases  in  CNP  activity.  This  decrease  in  CNP  was  also  observed  in 
the  whole  myelin  fraction  which,  however,  remained  constant  in  percent  protein. 
Similar  examination  of  tissues  from  animals  with  chronic  EAE  is  currently  under 
jway. 

Subproject  II  -  Protection  against  chronic  EAE  by  prior  injection  of  killed 
mycobacteria  in  adjuvant 

It  is  well  known  that  classic  acute  EAE  is  inhibited  by  an  injection  of 
water-ln-oil  emulsion  incorporating  killed  mycobacteria  given  prior  to  the 
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injection  of  CNS  antigens  incorporated  in  complete  Freund's  adjuvant  (CFA) . 
The  mechan:j.sm  of  this  protection  has  not  been  elucidated  and,  furthermore,  it 
is  of  great  clinical  interest  to  know  if  this  protection  extends  to  the  chronic 
form  of  EAE,  a  model  in  juvenile  strain  13  guinea  pigs  more  reminiscent  of 
human  demyelinating  disease  such  as  multiple  sclerosis.   In  experiments  where 
saline  alone  or  non-CNS  antigens  were  incorporated  into  the  CFA  injected  prior 
to  the  EAE-inducing  injection  of  guinea  pig  spinal  cord  in  CFA,  there  is  pro- 
tection of  most  guinea  pigs  from  manifestations  of  either  acute  or  chronic 
EAE.   Animals  which  do  show  chronic  symptoms  usually  recover  over  a  period  of 
several  months.   Mineral  oil  emulsions  not  containing  mycobacteria  do  not  pro- 
tect.  The  mycobacterial  component  responsible  for  protection  and  the  question 
of  how  the  protection  is  effected  remain  questions  for  future  investigation. 

Publications : 

Raine,  C.S.,  Snyder,  D.H.,  Stone,  S.H.  and  Bornstein,  M.B.:   Suppression  of 
acute  and  chronic  experimental  allergic  encephalomyelitis  in  strain  13  guinea 
pigs.   J.  Neurol.  Sci. ,  355-367,  1977. 

Snyder,  D.H.,  Stone,  S.H.  and  Raine,  C.S.:   Attempts  to  induce  chronic  experi- 
mental allergic  neuritis  in  strain  13  and  Hartley  guinea  pigs.   J.  Neuropath. 
Exp.  Neurol.  36:   488-498,  1977. 
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SUMMARY  OF  WORK  (260  words  or  Is;-:.  -  underline  keywords) 

Willie  investigating  parameters  of  the  regulatory  function  of  CO2  on  procaryot  and 
eucaryot  cell  growth,  we  uncovered  an  unusual  physiological  effect  on  cell  divls- 
slon  caused  by  deletion  of  CO2 


When  CO2  is  eliminated  from  actively  growing 


cultures  of  Escherichia  coll,  gross  protein  synthesis  is  inhibited,  but  cell 
division  is  not  inhibited;  it  continues  for  one  population  doubling.  The  result- 
ing cells  are  approximately  half  normal  size.  The  current  model  of  the  cell 
cycle  is  based  upon  experimental  evidence  illustrating  the  independent  completion 
of  replication  of  incompleted  rounds  of  chromosome  synthesis  followed  by  a  period 
of  protein  synthesis  to  permit  cells  to  acquire  their  pre-cell  division  size  and 
complement  of  protein.   This  is  followed  by  a  period  of  additional  protein 
synthesis  during  which  the  signal  protein  for  cell  division  is  produced.  Our 
system  offers  the  possibility  of  isolated  direct  study  of  the  cell  division  signajl 
divorced  from  a  requirement  for  preliminary  increase  in  cell  size. 
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Studies  with  eucaryotlc  cells  included  human  embryonic  kidney  cultures  (HEK)  and 
Entamoeba  h  1  s_tf>J_y.'^  1  ^il  cultures.   Eplthellal-llke  cells  have  been  cloned  from 
primary  UKK   culiurcH  and  have  been  passed  through  ten  transfers.   Entamoeba 
htatolytlc:a  cultures  were  shown  to  require  CO2  for  growth.   Cultures  with  CO2 
grew  with  a  small  Inoculum  in  shallow  medium,  conditions  which  cause  death  with 
ordinary  cultures  procedures. 

Project  Description: 

The  objective  of  this  project  is  (1)  to  determine  if  CO2  regulation  of 
growth  is  a  general  characteristic  for  all  types  of  cells  (procaryots  and 
eucaryots) ,  (2)  to  identify  the  metabolic  system  in  which  the  participation  of 
CO2  is  required  for  control  of  growth  and  (3)  to  Investigate  the  mechanism  by 
which  this  system  regulates  cell  growth. 

Methods  Employed : 

The  objectives  will  be  accomplished  by  using  two  general  approaches 
simultaneously:   (1)  physiological  growth  studies  to  define  the  responses 
«Tid  to  cliaracter  Ize  tl>e  CO2  effei-t  on  whole  cells,  and  (2)  biochemical 
studies  to  identify  the  enzyme  or  enzyme  system  involved  to  determine  the 
mechanism  by  which  the  enzyme  or  its  product  function  in  a  regulatory  capacity. 
We  have  devised  a  system  for  growing  cultures  which  accurately  establishes  and 
maintains  a  gas  atmosphere  containing  as  many  as  three  gases  in  any  desired 
proportions;  the  proportions  of  gases  can  be  rapidly  changed  at  any  time  during 
the  experiment.   A  pH  change  affects  only  the  bicarbonate  Ion  concentration. 
This  technique  is  used  to  discriminate  between  a  CO2  requirement  for  growth  or 
a  bicarbonate  requirement.   Substituting  known  CO2  fixation  products  for  CO2  or 
inducing  alternate  biochemical  pathways  which  circumvent  the  need  for  a  CO2 
fixation  reaction  can  be  used  to  tentatively  Identify  the  growth  regulatory 
system.   This  will  be  confirmed  by  analyzing  the  cells  after  pulse  labeling 
experiments.   After  the  identity  of  the  CO2  regulatory  system  is  confirmed  by 
labeling  experiments,  conventional  biochemical  procedures  will  be  used  to  attempt 
to  determine  the  interrelationship  between  this  system  and  those  related  to  cell 
growth,  i.e.  initiation  of  DNA  replication  and  protein  synthesis.   At  present, 
E^.  coli  growing  anaerobically  appears  to  be  the  best  choice  for  study  on 
theoretical  grounds.   However,  recent  tochnicol  cliff ioul ties,  if  not  resolved, 
will  require  selection  of  another  test  system. 

Major  Findings: 

Cell  growth  in  terms  of  net  protein  synthesis  can  be  Initiated  or  stopped  in 
fully  adequate  growth  medium  simply  by  addition  or  deletion  of  CO2  (bicarbonate 
with  some  cells).   Furthermore,  the  rate  of  exponential  growth  is  regulated  by 
the  concentration  of  C02/bicarbonate  present.   Normal  lag  periods  precerilnK 
culture  growth  are  eliminated  when  appropriate  C02/bicarbonate  rf)n(  rmi  r.-it  ion;; 
are  provided.   This  CO2  regulation  of  growth  has  been  demonstrated  with 
Streptococcus  sanguis,  E.  coli.  Bacillus  mcgarerium,  and  with  AT  ml igoncs 
eutropha.   A  more  detailed  analysis  of  the  effect  of  CO2  in  E_.  coli  cultures 
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has  shown  that  inunediate  growth  in  an  inoculated  culture  is  expressed  by  an 
exponential  rise  In  optical  density  (OD)  and  in  protein.   Direct  counts  of 
cell  numbers  reveals  a  less  than  exponential  increase.   Cell  size  distribution 
analyses  in  conjunction  with  the  protein  data  show  cells  increase  in  size  and 
In  protein  content  for  approximately  1  1/2  doublings  before  cell  numbers 
parallel  OD  and  protein  in  exponential  increase.   After  this  condition  is 
established,  addition  of  chloramphenicol  immediately  prevents  further 
increases  in  OD,  protein,  and  cell  numbers.   Cell  size  distribution  remains 
constant. 

If  CO2  is  deleted  instead,  the  OD  increase  and  protein  synthesis  are 
similarly  inhibited.   However,  cell  numbers  continue  to  increase  for  one 
doubling  of  the  population  and  cell  size  distribution  analysis  shows  the 
resulting  cell  population  to  be  approximately  half  their  former  size.   In 
the  absence  of  CO2,  cells  appear  to  complete  a  round  of  DNA  synthesis  and 
receive  the  message  to  divide  in  spite  of  the  fact  that  the  usual  increase 
in  protein  content  has  not  occurred. 

Normal  and  transformed  lung  fibroblast  cell  lines  require  and  respond 
to  bicarbonate  ion  concentration  in  the  same  way  as  procaryotic  cells.   Trans- 
formed cells  were  found  to  have  a  thirty-fold  lower  optimum  bicarbonate  concen- 
tration than  their  normal  counterparts.   Establishment  of  an  eplthellal-llke 
cfell  line  from  human  embryonic  kidney  (HEK)  primary  cultures  was  made  possible 
by  determining  the  bicarbonate  requirement  of  these  cells.  On  infection  of 
passage  //7  cells.  Dr.  Rose  was  able  to  harvest  an  adenovirus  yield  roughly 
equivalent  to  that  obtained  with  primary  HEK  cultures. 

Initial  studies  with  Entamoeba  histolytica  have  shown  a  promotion  of 

culture  growth  with  appropriate  CO2  concentrations.  Organisms  can  be  grown 

with  added  CO-  under  conditions  which  are  lethal  for  cultures  without  added 
CO2. 

Significance  to  Biomedical  Research : 

The  diversity  of  lells  whose  growth  Is  similarly  affected  by  CO2 
(blrnrbonati?)  Indlratps  n  fundnmpntaJ  regulntury  role  for  co,.     Tht^ 
algnlf trance  of  thin  rolt-  1h  paramount  becauue  It  conrrolB  growth.   Unlike 
other  required  aubstratea  which  cause  either  unbalanced  growth,  'cell  aging' 
or  cell  death  when  they  are  selectively  depleted,  CO2  deletion  causes  none 
of  these.   The  immediate  growth  response  to  CO2  suggests  a  key  metabolic 
function  is  controlled  which,  in  turn,  controls  other  systems. 

A  more  immediate  potential  application  of  these  results  is  in  tissue 
culture.   Primary  isolates  of  transformed  cells  are  difficult  to  achieve 
because  transformed  cells  are  overgrown  by  normal  cells.   Our  early  re- 
sults indicate  sufficient  differences  in  optimum  O2  and  CO2  concentrations 
exist  to  provide  selective  pressure  favoring  growth  of  either  cell  type  in  a 
mixed  population.   This  could  prove  to  be  a  diagnostically  useful  procedure 
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for  isolating  and  identifying  tumor  colls.   The  same  procedure  may  he  useful 
in  establishing  heretofore  difficult  tissue  cultures. 

Publications: 

Repaske,  R.  and  Repaske,  A.C.:   Quantitative  requirements  for  exponential 
growth  of  Alcaligenes  eutrophus.   Appl.  &  Environ.  Bacteriol.  32:   585-591, 
1976. 

Repaske,  R.  and  Mayer,  R. :   Dense  autrophic  cultures  of  Alcaligenes  eutrophus. 
Appl.  &  Environ.  Bacteriol.  32:   592-597,  1976. 
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Summary  of  Program 

Laboratory  of  Cllnicnl  liwesi  Ip.ar  Ion 
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Michael  M.  Frank,  M.  D.  ,  Chlei  ol"  Laboratory 
and  Clinical  Director,  NIAID 

Introduction 

This  year  has  been  very  important  in  the  history  of  the  Laboratory  of  Clinical 
Investigation.   In  June,  1977,  Dr.  Sheldon  M.  Wolff,  Chief  of  the  Laboratory 
of  Clinical  Investigation  and  Clinical  Director,  NIAID  for  the  past  12  vears, 
lei'l  to  become  Chairman,  Department  of  Medicine,  Tufts  University  School  of 
Mi'dLcIne.   Under  his  strong  leadership,  the  laboratory  has  grown  into  a  leading 
center  for  the  study  of  host  defense  problems  and  has  developed  major  areas  of 
excellence  in  allergy,  clinical  immunology  and  infectious  disoasfs.   Dr.  Wolff's 
place  was  taken  by  Dr.  Michael  M.  Frank,  a  leading  clinical  Immunologist  and  a 
member  of  the  laboratory  for  the  past  nine  years.   The  potential  of  the  LCI  for 
important  accomplishments  in  allergy,  clinical  immunology  and  infectious  dis- 
eases is  enormous,  and  it  is  planned  to  continue  and  expand  activities  in  these 
three  important  areas  of  clinical  research.   Dr.  Anthony  Fauci,  Head  of  the 
Clinical  Physiology  Section,  has  been  appointed  Deputy  Clinical  Director  and 
will  take  charge  of  a  number  of  the  major  clinical  responsibilities  of  the 
service. 

>  Research  Accomplishments 

CELLUIJ^R  IMMUNOLOGY 

I 
During  the  past  year  the  Biologic  Structure  Section  continued  its  long  standing 
interest  in  the  role  of  macrophages  in  T-cell  antigen  recognition.   While 
immunologic  specificity  has,  in  the  past,  been  presumed  to  be  an  exclusive  pro- 
perty of  the  T  or  B  lymphocyte,  we  have  obtained  data  which  indicate  that  the 
macrophage  has  specific  discriminatory  effects  in  the  antigen  recognition  pro- 
cess.  This  conclusion  is  based  on  the  following  data:   T  lymphocytes  from 
strains  of  unbred  mice  and  guinea  pigs  immunized  with  insulin,  a  6000  M.  V/. 
polypeptide  of  defined  structure,  respond  in  vivo  and  in  vitro  to  challenge 
with  immunizing  antigen.   For  example,  the  pattern  of  reactivity  when  measured 
by  antibody  specificity  are  identical  in  both  strain  2  and  13  guinea  pigs. 
However,  when  ±n   vitro  antigen  specific  proliferation  is  assessed  by  incorpor- 
ation of  -^H- thymidine  into  DNA  using  native  insulin,  species  variants,  or 
fragments,  unique  patterns  of  reactivity  are  seen  which  indicate  that  at  the 
level  of  the  T  cell,  strain  2  guinea  pigs  "see"  only  the  A  chain  a  loop  (amino 
acids  A8,  A9,  and  AlO),  while  the  strain  13  guinea  pig  T  cells  recognize  an 
as-yet-undefined  region  of  the  B  chain.   More  importantly,  the  expression  of 
these  differences  are  due  to  the  activity  of  MHC-linked  immune  response  (Ir) 
genes.   Through  the  use  of  this  model  system,  it  has  been  possible  to  further 
control  immune  responsiveness.   Our  data  also  show  that  similar  gene  effects  op- 
erate in  the  mouse  (H2"  mice  are  B  chain  responders,  n   loop  non-responders,  while 
H2'^  are  a  loop  responders,  B  chain  non-respondcis) .   Surh  rindings  imply  the 
conservation,  in  evolutionary  time,  of  tlio  lunci  ion  ol  simi  lar  >',ones  in  a  wide 
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variety  of  species.   More  importantly,  they  suggest  that  an  understanding  of  Ir 
gene  function  at  the  level  of  macrophage-T  cell  Interaction  may  provide  impor- 
tant insights  into  the  cellular  and  molecular  eventt*  which  underlie  immune 
responsiveness  and  its  regulation  in  health  and  diseuHe.   (Rosenthal, 
Rosenwasser  and  Barcinskl) 

REGULATION  OF  IMMUNOLOGICAL  REACTIVITY 

A  highly  sensitive  system  of  polyclonal  as  well  as  antigenic  stimulation  of  hu- 
man peripheral  blood  B  lymphocytes  with  measurement  of  single  cell  antibody 
production  in  a  hemolysls-in-gel  plaque  forming  cell  assay  has  been  developed. 
This  has  allowed  for  Indepth  probing  of  the  complex  mechanisms  and  cellular 
interactions  In  normal  B  cell  responses.   The  natural  occurrence  of  distinct 
subpopulations  of  helper  and  suppressor  cells  of  normal  B  cell  function  has 
been  demonstrated.   In  addition,  alterations  of  these  regulatory  mechanisms  in 
diseases  characterized  by  aberrancies  of  immunological  reactivity  have  been 
demonstrated.   The  demonstration  of  the  selective  effect  of  corticosteroids  on 
various  subpopulations  of  lymphoid  cells  involved  in  regulation  of  antibody  pro- 
duction has  allowed  a  greater  understanding  of  these  regulatory  functions  as 
well  as  an  appreciation  of  the  mechanisms  of  action  of  corticosteroids  in  immuno- 
logically mediated  diseases.   (Fauci  and  Haynes) 

Fractionation,  purification,  identification  and  functional  characterization  of 
macrophages  and  lymphocyte  subpopulations  from  the  pulmonary  tree  have  been 
accomplished.   This  has  led  to  a  precise  delineation  of  the  immunological 
capability  of  pulmonary  lymphoid  tissue  and  its  interrelationship  with  the  sys- 
temic immune  response.   The  effect  of  corticosteroids  and  cytotoxic  agents  on 
the  host  defense  aspects  of  pulmonary  immune  reactivity  has  been  described. 
(Hunninghake  and  Fauci) 

The  effect  of  corticosteroids  on  different  subpopulations  of  human  cytotoxic 
effector  cells  active  against  various  tissue  targets  has  been  studied.  We  have 
demonstrated  thai;,  although  spontaneous  or  natural  cytotoxicity  and  antibody 
dependent  cellular  cytotoxicity  cannot  be  distinguished  on  the  basis  of  identi- 
fiable surface  markers  on  effector  cells  and  cannot  be  physically  separated  by 
various  fractionation  procedures,  they  are  differentially  sensitive  to  corti- 
costeroid therapy.   As  these  types  of  cytotoxic  reactions  are  showm  to  be 
important  in  various  immunologic  disorders  and  potentially  in  tumor  surveillance, 
the  clinical  relevance  of  these  findings  become  clear.   (Parrlllo  and  Fauci) 

Polyclonal  activators  have  been  employed  to  generate  populations  of  cytotoxic 
cells  selectively  reactive  against  a  broad  range  of  allogeneic  lymphoid  targets. 
It  has  been  demonstrated  that  the  consistent  high  or  low  cytotoxic  responsive- 
ness of  various  individuals  against  alloantigens  is  dependent  on  the  relative 
presence  or  absence  of  simultaneously  generated  populations  of  actively  func- 
tioning suppressor  cells.   These  findings  provide  new  insight  into  the  regula- 
tory mechanisms  in  autoronrtlvity  and  graft  rejection.   (Hunninghake  and  Fauci) 

A  method  has  been  devised  for  the  fractionation  of  highly  purified  populations 
of  eosinophils  from  patit-nts  with  the  idiopathic  hypereosinophilic  syndrome. 
Subpopulations  of  eosinophils  have  been  identified  for  the  first  time  and 
their  functional  capabilities  have  been  delineated.   This  has  led  to  an 
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understanding  of  the  mechanisms  whereby  eosinophils  infiltrate  organs  and  re- 
sult in  tissue  damage.   The  differential  sensitivity  of  these  eosinophil  popu- 
lations to  corticosteroid  administration  has  been  described  allowing  greater 
specificity  in  the  choice  of  therapeutic  regimens.   (Parrillo  and  Fauci) 

The  effects  of  cytotoxic  agents  in  immunologically  mediated  diseases  such  as 
Wegener's  granulomatosis,  polyarteritis  nodosa  and  hypersensitivity  vasculitis 
have  been  studied.   Striking  clinical  remission  in  these  diseases  has  been 
described.   In  addition,  the  effect  of  cytotoxic  agents  on  various  lymphoid 
cell  subsets  involved  in  the  aberrant  immunological  reactivity  seen  in  these 
diseases  has  been  delineated.   (Fauci) 

PATHOC.HNESIS  01'  IMMUNOLOGIC  DEFICIENCY 

Studies  of  LIF  production  have  been  conducted  in  several  patients  with  chronic 
mucocutaneous  candidiasis.   It  has  been  found  that  most  patients  with  this  dis- 
ease possess  lymphocytes  that  can  produce  LIF  in  response  to  mitogens  such  as 
Con  A  or  PHA  but  do  not  respond  to  Candida  antigens  by  producing  LIF.   This 
defect  is  most  striking  in  patients  with  active  disease  and  may  be  corrected  by 
treatment  with  transfer  factor.   (Chapman  and  Kirkpatrick) 

CUTANEOUS  INFLAMMATION 

The  animal  model  for  cutaneous  candidiasis  has  been  extended  to  C4-deficient 
guinea  pigs  and  has  provided  additional  evidence  that  activation  of  the  alter- 
native complement  p^ithway  is  Involved  in  production  of  cutaneous  inflammation 
in  these  infections.   (Sohnle  and  Kirkpatrick) 

IMMUNOTHERAPY  OF  CHRONIC  INFECTIOUS  DISEASES 


The  comparison  of  transfer  factor  from  Candida-sensitive  and  Candida-insensitive 
donors  in  treatment  of  cutaneous  candidiasis  is  continuing.   Thus  far,  five 
out  of  seven  recipients  of  "Candida-positive"  transfer  factor  are   in  remission. 
The  two  patients  who  relapsed  also  failed  to  maintain  intact  cellular  immunity 
to  Candida.   Three  out  of  five  recipients  of  "Candida-negative"  transfer  factor 
are  in  remission,  although  the  duration  of  follow-up  is  less.   Thus  far,  these 
studies  suggest  that  both  transfer  factor  preparations  provide  clinical  benefits 
but  that  long-term  remission  is  more  frequent  with  transfer  factor  from  Candida 
sensitive  donors.   (Kirkpatrick  and  Smith) 

CLINICAL  IMMUNOLOGY 

Uiirln)',  ihc  p.inl  ycir,  the  Clinical  Imimun)  lof.y  Scctinii  h.■l^;  riintiiuunl  ils  stiulios 
of  the  role  of  complement  in  the  production  of  human  illness.   These  studies 
advanced  in  a  number  of  different  directions,  both  In  the  laboratory  and  in 
studies  of  patients.   The  disease,  hereditary  angioedema,  has  been  studied  in 
greater  detail  this  year.   It  has  been  shown  that  danazol  corrects  the  bio- 
chemical defects  in  hereditary  angioedema  and  induces  the  synthesis  of  the  Cl- 
esterase  inhibitor  protein.   Patients  with  the  variant  form  of  the  diseait,  who 
synthesize  an  abnormal  protein  with  Cl-esterase  inhibitor  structural  activity 
but  no  function,  synthesize  the  normal  protein  when  receiving  danazol.   Thus, 
the  disease  is  found  in  the  heterozygous  state.    Studies  of  the  turnovi^r  of  the 
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Cl-esterase  Inhibitor  protein  as  well  as  its  usefulness  in  acute  attacks  of 
hereditary  angioedema  are  continuing.   (Frank,  Hosea,  Gadek,  and  Reinhart). 

New  tests  for  the   Cunrcloii  of   receptors  for  complement  fragments  and  for  Immuno- 
globulin on  the  cells  of  the  reticuloendothelial  system  have  been  developed. 
The  usefulness  of  these  tests  in  exploring  the  basis  for  Immunological  disease 
is  being  explored.   Initial  studies  demonstrated  that  patients  with  primary 
biliary  cirrhosis  have  a  defect  in  the  functional  activity  of  their  C3b  recep- 
tors.  Patients  with  chronic  active  hepatitis  and  alcoholic  cirrhosis  have 
normal  C3b  activity.   Studies  of  patients  with  systemic  lupv^s  erythematosus 
have  demonstrated  a  defect  In  Fc  receptor  activity  in  patients  with  active 
disease.  The  defect  is  closely  correlated  with  disease  activity.   In  addition, 
the  defect  is  correlated  with  the  presence  of  circulating  immune  complexes. 
This  defect  may  explain  why  patients  with  systemic  lupus  erythematosus  do  not 
clear  complexes  from  their  circulation  and  go  on  to  develop  renal  disease. 
(Frank) 

A  receptor  for  the  opsonic  fragment  of  C3b  in  the  human  renal  glomerulus  has 
been  further  defined.   Its  presence  on  the  surface  of  the  epithelial  cells  of 
the  glomerulus  was  demonstrated.   Its  importance  in  human  autoimmune  disease  is 
suggested  by  its  saturation  in  vivo  with  complement  fragments  in  autoimmune 
renal  disease.   An  interstitial  receptor  for  the  Fc  fragment  for  human  and 
rabbit  IgG  antibody  has  been  demonstrated  in  human  and  animal  renal  tissues. 
The  function  of  this  receptor  is  being  defined.   Studies  are  underway  on  the 
role  of  complement  in  host  defense  against  bacterial  infection  and  in  the  bio- 
chemistry of  complement  function  in  various  disease  states.   (Frank,  Hosea, 
Gadek,  Gaither,  and  Reinhart) 

ALLERGIC  DISEASES 

The  Allergic  Disease  Section  studies  the  mediators  and  biochemical  pathways 
that  underlie  allergic  diseases.  Proteins  required  for  the  generation  of 
bradyklnin,  namely,  Hageman  factor,  prekallikrein,  and  high  molecular  weight 
(HMW)  kininogen  are  required  for  surface  dependent  initiation  of  coagulation 
and  fibrinolysis.   HMW  kininogen  functions  as  a  cof actor  that  augments  the 
reciprocal  activation  of  prekallikrein  and  HMW  kininogen.   Prekallikrein  and 
factor  XI  each  circulate  as  a  complex  with  HMW  kininogen  but  are  bound  to  dif- 
ferent kininogen  molecules.   Each  complex  binds  to  negatively  charged  surfaces 
and  then  interacts  with  surface  bound  Hageman  factor.   (Kaplan,  Meier,  Mandle, 
and  Thompson) 

Factor  XI^  and  plasraln  can  each  activate  surface  bound  Hageman  factor  and  each 
has  approximately  10%  of  the  efficiency  of  kallikrein.   However,  HMW  kininogen 
augments  the  activation  and/or  function  of  Hageman  factor  when  Incubated  wltl« 
factor  XI;^  but  has  no  effect  upon  plasmln  activation  of  Hageman  factor.   Factor 
XIa-HMW  kininogen  Is,  therefore,  the  most  likely  explanation  for  the  auto- 
corroct  Inn  of   prokal 1 Ikroln-dof Iclent  plasma  as  the  time  of  incubation  within 
the  Hurlacf  Is  liuneaHt-d.   (Kaplan  and  Meier) 

Activation  ot  prekallikrein  by  activated  Hageman  factor  involves  cleavage  of 
one  or  more  bonds  within  a  disulfide  bridge  such  that  the  single  chain  pre- 
kallikrein yields  a  two-chair  disulflde-linked  kallikrein.   Two  molecular 
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forms  of  prekallikrein  at  88,000  and  85,000  were  identified  and  upon  activation 
yielded  a  common  heavy  chain  of  52,000  and  light  chains  of  36,000  and  33,000, 
reflecting  the  two  molecular  forms.   The  active  site  of  kallikrein  was  in  the 
light  chains.   Kallikrein  also  directly  aptivates  plasminogen  to  plasmin  and 
prekallikrein  is,  therefore,  a  plasminogen  proactivator.   The  y-globulin  efflu- 
ent of  prekallikrein  deficient  plasma  also  possessed  plasminogen  proactivator 
activity  that  was  not  separable  from  factor  XI,  and  purified  factor  XI  prepara- 
tions functioned  similarly.   Both  Hageman  factor  substrates,  prekallikrein  and 
factor  XI,  appeared  to  be  plasminogen  proactivators.   (Kaplan  and  Handle) 

Cleavage  of  purified  HMW  kininogen  liberated  bradykinin  and  other  peptides 
totaling  15,000  daltons  to  convert  the  single  chain  120,000  dalton  HMW  kinino- 
gen to  a  105,000  dalton  kinin-free  protein.   Complete  retention  of  coagulant 
activity  was  observed.   Upon  reduction,  a  heavy  chain  of  70,000  and  a  light 
chain  of  35,000  was  formed  and  thc^  light  chain  contained  all  of  the  coagulant 
activity.   The  unique  antigenic  determinant  of  HMW  kininogen  was  associated 
with  this  light  chain  while  the  heavy  chains  of  both  high  and  low  molecular 
weight  kininogen  were  antigenically  identical.   (Kaplan  and  Thompson) 

Urticarial  diseases  were  assessed  using  induced  blisters  formed  by  mild  heat 
and  suction  over  lesions  and  normal  skin  sites.   Elevated  blister  fluid  hista- 
mines were  found  in  cold  urticaria  and  solar  urticaria  over  lesions  but  not 
normal  skin  sites.   Elevated  blister  fluid  histamines  were  observed  in  local 
heat  urticaria  and  immediate  pressure  urticaria,  although  controls  were  also 
positive  if  the  heat  and  pressure  of  the  apparatus  induced  a  lesion.   Chronic 
idiopathic  urticaria  was  associated  with  elevated  blister  fluid  histamines 
that  averaged  over  eight  times  normal.   (Kaplan) 

Anaphylactic  shock,  secondary  to  insect  stings,  was  associated  with  hypoxemia, 
hypotension  and  prominent  histaminemia.   These  were  negative  in  urticaria 
secondary  to  stings.   Anaphylaxis  also  caused  disseminated  intravascular  coagu- 
lation with  diminished  factors  V,  VIII  and  fibrinogen.   Diminished  HMW-kininogen 
also  suggested  activation  of  the  kinin-formlng  pathway.   Immunization  with 
purified  venom  and  subsequent  insect  sting  yielded  no  reactions  in  patients  with 
previous  anaphylaxis.   (Kaplan) 

The  IgE-dependent  secretion  of  the  chemical  mediators  of  anaphylaxis  from  human 
and  anlmnJ  tissues  Is  under  study.   The  models  emi)Uiyed  consist  of:  human  lung 
tissue  passively  sensitized  with  human  IgE  antibodies  and  challenged  with  speci- 
fic antigen  and  rat  mast  cells  challenged  with  rabbit  anti-rat  IgE.   The  media- 
tors analyzed  in  the  human  lung  system  include  histamine,  SRS-A,  and  PgE, 
PgFo  while  from  rat  mast  cells  we  analyze  histamine  and  superoxide.   The 
initial  investigation  last  year  concentrated  on  the  relationship  between  the 
levels  of  cyclic  GMP  in  human  lung  and  enhancement  of  the  immunologic  release 
of  mediators.   Cholinergic  antagonists  (acetylcholine,  carbamylcholine)  and 
PgFoa  induce  cyclic  GMP  elevations  in  human  lung  with  concomitant  increases  in 
mediator  release.   This  relationship  was  consistent  when  analyzed  by  dose  re- 
sponse or  kinetically  and  was  prevented  by  appropriate  antagonists.   (Kaliner) 

The  mechanism  by  which  the  cyclic  nucleotides  influence  mediator  release  was 
examined.   Cyclic  GMP  increases  were  found  to  stabilize  microtubules  in  their 
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polymerized  form  while  cyclic  AMP  induced  mlcrotubular  disassembly.   As  micro- 
tubules are  essential  to  granule  relocation,  it  appears  that  the  cyclic  nucleo- 
tides may  exert  their  modulating  influence  via  shifts  in  mlcrotubular  integrity. 
(Kaliner) 

The  response  of  lung  tissue  to  anaphylaxis  was  analyzed  in  regards  to  cyclic 
nucleotides  and  vas  found  to  exhibit  massive  increases  in  both  cyclic  AMP  and 
cyclic  GMP.   These  responses  were  secondary  to  histamine  interacting  with  H-1 
receptor  site  (cyclic  GMP)  and  H-2  receptor  site  (cyclic  AMP).   In  addition,  the 
H-1  response  produced  PgF2~  and  PgE  synthesis  which  accounted  for  approximately 
50%  of  the  prostaglandin  synthesis  seen  after  anaphylaxis,   (Kaliner) 

Rat  mast  cells,  human  leukemic  basophils  and  human  lung  tissue  generate  super- 
oxide and  superoxide  dismutase  after  immunologic  and  nonimmunologic  stimuli. 
The  subcellular  origin  of  both  reactants  was  traced  to  the  secretory  granule. 
(Henderson  and  Kaliner) 

Sepharose  beads  were  found  to  activate  complement  via  the  alternative  pathway 
with  the  deposition  of  C3b  upon  the  surface.   Human  eosinophils  encountering 
such  beads  adhere  to  them  and  secrete  granule  associated  enzymes  such  as  aryl- 
sulfatase.   The  human  platelet  was  also  found  to  contain  aryl-sulfatases  (Tjrpe 
Ila  and  lib)  which  could  be  released  upon  interacting  with  thrombin  or  iono- 
phore.   Platelet  aryl-sulfatase  was  capable  of  digesting  human  SRS-A. 
(Metcalfe  and  Kaliner) 

PATHOGENESIS  OF  FEVER 

The  use  of  a  purified  antibody  against  human  leukocytic  pyrogen  has  led  to  the 
development  of  a  radioimmunoassay  for  leukocytic  pyrogen.   This  technique, 
when  applied  to  clinical  situations,  will  hopefully  clarify  the  mechanism  of 
development  of  fever  in  human  beings.   (Dinarello  and  Wolff) 

NONSPECIFIC  RESISTANCE  TO  INFECTION 

Synthetic  compounds  which  have  iramunoadjuvant  activity  have  been  studied.   These 
compounds  have  been  synthesized  in  France  and  have  been  shown  to  induce  non- 
specific resistance  to  a  variety  of  microorganisms.   Unfortunately,  they  have 
also  been  Hhown  Lo  be  pyrogenlc,  which  may  limit  their  clinical  utility. 
(Elln  (CPD,  CC,  NIH)  and  Wolff) 

MODULATION  OF  THE  INFLAMMATORY  RESPONSE 

The  mechanism  of  leukocyte  activation  by  chemotactic  factors  has  been  studied 
using  electrophysiology,  fluorescent  probe,  surface  charge  and  ultrastructural 
techniques.   These  studies  revealed  that  chemotactic  factors  induced  potential 
changes  as  well  as  highly  organized  orientation  of  intracellular  elements  when 
leukocytes  are  exposed  to  a  gradient  of  stimulus.   In  related  studies,  selec- 
tive secretion  of  specific  granules  during  chemotaxis  is  associated  with  mem- 
brane changes  and  subsequent  inhibition  of  the  locomotory  process  and  termina- 
tion of  the  chemotactic  response.   This  termination  of  locomotion  appears  to 
be  related  to  decreased  cGMP  and  not  the  intracellular  level  of  cAMP. 
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In  other  studies  two  populations  of  neutrophils  have  been  Identified,  purified 
and  functionally  distinguished  In  normal  peripheral  blood.   Clinical  ovalun- 
tlons  are  currently  underway  to  assess  tht-  biological  significance  of  these  neu- 
trophil populations.   In  other  clinical  studies  uHaessing  phagocyte  I  unit.  Ion  in 
patients  with  compromised  host  defenses,  a  patient  with  markedly  increased  cGMP 
and  increased  microtubule  assembly  has  been  identified.   The  pharmacologic 
agents,  levamlsole  and  ascorbate,  which  stimulate  cGMP  and  locomotion  in  vitro, 
are  being  studied  for  their  in  vivo  effects  on  phagocyte  function  and  on  the 
clinical  course  of  selected  patients.   (Gallin,  Wright  and  Klempner) 

HOST  DEFENSE  MECHANISM  AGAINST  PSEUDOMONAS  INFECTION  IN  NORMAL 
AND  IMMUNOSUPPRESSED  HOSTS 

Infection  with  Pseudomonas  aeruginosa  has  been  used  in  our  laboratory  as  a  pro- 
totype infection  in  immunosuppressed  patients.   Experimental  models  of  Pseudo- 
monas pneumonia  and  bacteremia  have  been  employed  because  of  the  high  mortality 
associated  with  these  infections  in  cancer  patients.   Immunoprophylaxls  against 
Pseudomonas  is  actively  being  studied  using  a  "cross-protective"  core  antigen 
derived  from  Pseudomonas  (OEP);  in  addition,  OEP  has  adjuvant  properties.   The 
general  area  of  pulmonary  host  defenses  against  Pseudomonas  is  being  studied  In 
normal  and  immunosuppressed  animals.   Several  areas  under  active  investigation 
include:   1)  "activation"  of  pulmonary  alveolar  macrophages  by  cell-mediated  im- 
mune mechanisms  and  by  nonspecific  adjuvants;  and  2)  recruitment  of  granulocytes 
into  the  lung  by  bacterial  products  and  alveolar  macrophage-derlved  chemotactic 
factor.   It  is  our  hope  that  these  projects  will  eventually  have  clinical  appli- 
cations In  Immunosuppressed  cancer  patients.   (Aduan) 

VIRAL  RESPIRATORY  AND  GASTROINTESTINAL  TRACT  INFECTIONS 

Experimentally  induced  influenza  A  infection  in  man  resulted  in  the  development 
of  blastogenic  responses  in  peripheral  blood  lymphocyte  cultures.   These  re- 
sponses were  directed  at  type-specific  antigens  shared  by  all  influenza  A 
viruses,  such  as  the  A/matrix  protein  and  toward  subtype  specific  antigens 
(hemagglutinin  and  neuraminidase)  as  well.   Lymphocytotoxic  responses  were 
even  more  broadly  directed,  with  Increased  activity  against  target  cells  in- 
fected with  Influenza  A,  B,  and  an  unrelated  paramyxovirus,  NDV.   Both  of  these 
in  vitro,  cell-mediated  immune  responses  peaked  early,  between  three  to  five 
days  after  infection  and  may  be  related  to  early  events  after  influenza  infec- 
tion or  immunization  in  man.   (Dolin  and  Relchman) 

HERPES  VIRUS  INFECTIONS 

Clinical  trials  of  Inactivated  influenza  A  vaccines  demonstrated  that  mono- 
valent A/NJ  vaccines  were  well  tolerated  in  adults  and  that  doses  of  200  ccA 
resulted  in  high  rates  of  seroconversion  without  significant  differences  between 
whole  and  split-product  preparations.   Administration  of  whole  virus  bivalent 
A/NJ  and  A/Victoria  vaccines  along  with  monovalent  B/Hong  Kong  vaccine  resulted 
in  increased  reac togenicity.   Pre-exlsLing  aiiLibody  appeared  Lo  protect  against 
systemic  reactions,  suggesting  that  the  reactogenic  component  was  associated 
with  viral  antigens  rather  than  with  a  contaminant  of  the  vaccine.   Individuals 
between  17  and  24  years  of  age  required  a  booster  dose  four  weeks  after  Initial 
immunization  to  achieve  high  rates  of  seroconversion.   (Dolin  and  Mazur) 
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Establishment  of  immune  adherence  hemagglutination  (lAHA)  techniques  provided 
a  rapid,  sensitive  method  for  measurement  of  circulating  antibody  to  varicella- 
zoster  (V-Z)  and  herpes  simplex  viruses.   Absence  of  lAHA  antibody  early  in 
herpes  zoster  infections  was  associated  with  markedly  increased  risk  of  dlssenk- 
ination.   A  similar  relationship  was  not  seen  with  absence  of  antibody  as  as- 
sayed by  immunofluorescence  or  complement  fixation.   This  suggests  that  passive 
immunization  with  zoster  immune  globulin  containing  high  titers  of  lAHA  antibody 
to  V-Z  virus  may  prevent  dissemination,  if  administered  early  after  zoster 
infection.   (Mazur  and  Dolin) 

In  vitro  determinations  of  cell-mediated  immune  responses  in  HSV  infections  in 
man,  as  measured  by  lymphocytotoxicity,  did  not  depend  on  histocompatibility 
between  targets  and  effectors.   (Reichman  and  Dolin) 

Collaborative  trials  of  ARA-A  in  herpes  simplex  encephalitis  demonstrated  that 
the  compound  significantly  reduced  mortality  and  nearly  half  of  the  survivors 
had  moderate  or  no  neurologic  defects.   Studies  of  Immunosuppressed  patients 
with  varicella  infections  showed  significant  resolution  of  cutaneous  lesions 
associated  with  early  administration  of  ARA-A.   Additional  trials  of  ARA-A  in 
herpes  simplex  and  herpes  zoster  infections  are  currently  under  way. 
(Reichman,  Mazur,  and  Dolin) 

CLINICAL  MYCOLOGY 

Studies  showed  that,  during  fungemic  cryptococcosis,  the  fungus  activated  the 
complement  cascade  and  caused  a  severe  depletion  of  serum  opsonins.   The  result- 
ing inability  of  neutrophils  and  monocytes  to  Ingest  and  kill  cryptococci  may 
accelerate  the  terminal  phase  of  the  infection.   Anti-fungal  drugs  are  routinely 
ineffective  at  this  stage  of  disease  but  might  be  effective  if  the  opsonic 
defect  were  corrected.   (Macher,  Bennett,  Gadek,  and  Frank) 

Studies  continue  to  support  a  major  difference  between  two  subgroups  of  C. 
neoformans.   Prior  studios  h.-ivo  shown  that  fertile  crosses  do  not  occur  be- 
tween these  groups  and  that  the  groups  differ  in  geographic  distribution  and 
ecology.  The  current  wtudy  found  dlcarboxyllc  acid  transport  to  be  a  genetical- 
ly stabile  marker  that  also  distinguished  the  two  groups.   (Kiron-Chung  and 
Bennett) 

Discovery  of  5-f luorouracil  in  the  blood  of  patients  receiving  5-fluorocytosine 
offers  an  explanation  of  the  bone-marrow  depression  often  encountered  during 
5-f luorocytosine  therapy.   The  study  indicates  that  efforts  to  find  the  site 
and  block  deamlnatlon,  such  as  by  alteration  of  gastrointestinal  flora,  might 
block  the  toxicity  of  flucytosine.   (Dlaslo  (Virginia  Commonwealth  University, 
Richmond,  Va.)  and  Bennett) 

CRYPTOCOCCUS  NEOFORMANS 

This  study  revealed  that  mating  type  a^  of  serotype  A  is  the  predominant  cause 
of  cryptococcosis  in  the  U.  S.  A.   Serotype  B  or  C  isolates  are  rare  causes  of 
infection  except  in  Southern  California  where  over  50  percent  of  clinical 
Isolates  were  of  B  or  C  serotypes.   Serotypes  A  or  D  were  found  in  pigeon 
droppings,  soil  or  air,  but  B  or  C  types  were  not  found  from  the  same  source. 
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The  serotypes  B  and  C  Isolates  can  be  dl  f  fcreiit  lated  t  rotn  A  and  D  type  l)y  llielr 
ability  to  assimilate  malic  acid  as  a  sole  source  of  carbon.   Cryptococcus  ani- 
Kuttulatus,  physiologically  and  morphologically  the  closest  species  of  C^.  neo- 
formans,  was  found  to  produce  an  entirely  different  sexual  state  than  C_. 
neoformans.   (Kwon-Chung  and  Bennett) 

CLINICAL  PARASITOLOGY 

(Note:   This  summary  covers  only  work  from  the  Clinical  Parasitology  Section 
that  deals  with  patients.   Non-clinical  studies  are  summarized  in  the  reports  of 
each  investigator  for  LPD,  NIAID) 

The  two  parasitic  infections  which  we  are  best  equipped  to  study  and  which  are 
under  most  complete  investigation  are  schistosomiasis  and  filariasis.   Many  re- 
ferrals are  from  the  Peace  Corps,  but  with  time,  we  are  having  increasing  refer- 
rals from  the  general  medical  community.   Our  clinical  studies  always  involve 
work  abroad  with  various  collaborators  (India  now.  Pacific  Islands  in  the  past, 
also  Puerto  Rich,  and  Brazil  in  the  near  future). 

The  role  of  inhibitory  factors,  in  both  serum  and  in  mononuclear  cells,  of 
patients  with  chronic  schistosomiasis  in  modulating  their  lack  of  specific  anti- 
gen cell  responsiveness  is  one  of  the  more  interesting  aspects  of  host  response 
in  this  infection. 

Cases  of  acute  schistosomiasis  were  earlier  found  to  have  a  perfectly  good  and 
brisk  cell-mediated  immune  response.   (Ottesen)   Dr.  T.  Nash  has  found  acute  and 
early  cases  of  schistosomiasis  to  have  high  levels  of  IgM  and  IgG  antibody  to 
the  proteoglycan  antigen  of  schistosomes  from  the  gut  that  he  is  studying.   Both 
the  IgM  and  IgG  levels  to  this  antigen  come  down  in  chronic  cases.   (Nash) 

Our  filariasis  studies  in  India  have  focused  mainly  on  the  striking  IgE  response 
in  patients  with  tropical  pulmonary  eosinophilla  and  its  specificity  to  various 
failarial  antlges  as  measured  by  the  very  sensitive  histamine  assay.   Cell-medi- 
ated immune  responses  in  these  patients  as  well  as  in  other  filarial  clinical 
syndromes  are  under  way.   (Ottesen  and  Neva) 

Complement  and  IgG  receptors  on  the  surface  of  eosinophils  were  found  to  have  a 
low  frequency  (30  and  five  percent,  respectively)  in  normals  and  these  were 
found  to  be  only  slightly  increased  in  patients  with  helminthic  parasitic  infec- 
tions.  The  functional  role  of  eosinophils  in  parasitic  Immunity  is  under  fur- 
ther study.   (Ottesen  and  collaborators) 
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Tlicro  have  bci'ii  other  nuLcworthy  changes  in  the  Laboratory  of  ClLnicai 
Investigation  an  porsonnol  prepared  to  leave  and  there  was  some  redefinition 
of  programs.   Dr.  Charles  Dinarello  will  be  leaving  the  LCI  at  the  end  of  the 
fiscal  year  to  continue  his  studies  of  the  pathogenesis  of  fever  at  Tufts 
University.   Dr.  Dinarello  has  long  been  a  close  associate  of  Dr.  Wolff  and  has 
worked  with  him  on  the  various  aspects  of  the  fever  program;  he  will  be  re- 
joining Dr.  Wolff  at  Tufts. 

On  July  1,  Dr.  Carl  Hammer  joined  the  Clinical  Immunology  Section.   Dr.  Hammer 
is  a  Ph.D.  biochemist  from  Pennsylvania  State  University  who  has  spent  five 
years  working  on  the  humoral  aspects  of  immunity  under  Dr.  Manfred  Mayer  at 
Johns  Hopkins  University.   He  promises  to  be  a  valuable  addition  to  our  staff 
and  to  provide  considerable  expertise  in  various  aspects  of  complement  component 
purification. 
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Honors  and  Awards 

The  productivity  and  scientific  excellence  of  the  senior  staff  is  reflected  in 
their  many  invitations  to  speak,  to  chair  sessions  at  conferences,  and  to  edit 
books . 

Dr.  Kwon-Chung  was  elected  Vice-Chairman  of  the  Medical  Mycology  Division, 
American  Society  for  Microbiology  for  1977  to  1978  and  will  be  Chairman  in 
1978  to  1979.   On  June  27,  1977,  she  received  the  NIH  Director's  award  for 
excellence  in  research.   Dr.  Frank  was  elected  to  the  Board  of  Director  of  the 
Federation  for  Advanced  Education  in  the  Sciences  at  the  National  Institutes 
of  llcdlth  In  1977.   UfH.  Knink  and  Rosenthal  were  symposia  speakers  at  tho 
Federation  of  American  Societies  for  Kxperimental  Biology's  annual  meeting  In 
April,  1977.   In  addition,  Dr.  Rosenthal  was  a  symposium  speaker  at  the 
American  Society  for  Microbiology  and  the  American  Lung  Association  and  was  a 
Visiting  Professor  of  Immunology  at  the  University  in  Trumso,  Norway.   Dr.  Franl 
was  invited  to  speak  at  New  York  University  and  at  the  AMA  annual  convention 
in  1977,  at  the  Regional  Organization  of  Pennsylvania  Blood  Banks  and  was  a 
guest  of  the  West  Germany  government  at  a  symposium  on  the  Clinical  Aspects 
of  Complement.   He  was  invited  to  chair  the  session  in  immunology  at  the 
Bicentennial  Symposium  of  the  D.  C.  Medical  Society.   He  was  asked  to  serve  on 
the  WHO  committee  on  the  standardization  of  methods  for  the  assay  of  immune 
complexes.   Dr.  Alien  Kaplan  was  an  invited  lecturer  at  the  Frontiers  of 
Medicine  symposium  at  the  50th  Anniversary  of  the  University  or  Rochester, 
Strong  Memorial  Hospital.   He  chaired  sessions  on  fibrinolysis  and  coagulation 
at  the  annual  meeting  of  the  Sixth  International  Symposium  on  Thrombosis  and 
Hemostasis  and  was  an  invited  lecturer  at  the  national  meeting  of  the  American 
Academy  of  Dermatology,  American  Academy  of  Allergy,  and  the  American  Society 
of  Hematology.   Dr.  Fauci  was  appointed  a  Fellow  of  the  American  College  of 
Physicians  and  a  Councillor  for  the  Eastern  Section  of  the  American  Federation 
for  Clinical  Research.   Dr.  Kirkpatrick  was  appointed  to  the  editorial  board 
of  the  Journal  of  Allergy  and  Clinical  Immunology  and  to  the  credentials 
committoe  of  the  American  Academy  of  Allergy.   A  book  entitled.  Transfer 
Factor  was  roauthored  by  Dr.  Kirkpatrick  in  1977.   Dr.  Wolff  was  the  recipient 
of  the  Squibb  Award  in  1976;  was  awarded  the  degree  of  Doctor,  "Honoris-Causa" 
by  the  Federal  University  of  Rio  de  Janeiro,  Brazil;  was  appointed  a  member 
of  the  Subspecialty  Committee  on  Infectious  Diseases  of  the  American  Board  of 
Internal  Medicine;  and  was  made  Consulting  Editor  for  Microbial  Diseases, 
15th  Edition,  of  the  Textbook  of  Medicine,  edited  by  P.  Beeson  and  W.  McDermott 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  ' 

The  mechanisms  underlying  the  pathogenesis  of  fever  in  man  are  a  major  area  of 
interest.   Present  investigations  are  directed  at:   (1)  purification  of  human 
leukocytic  pyrogen;  and  (2)  development  of  a  radioimmunoassay  for  human  leuko- 
cytic pyrogen. 

Receiving  enua 1  attfiition  and  effort  are  some  of  tho  mechanisms  responsible  Tor 
iispec-  i  r  ic  rrs  i.sLaiR-u  Lo  Infection.   Iiuluccrs  of  res  i  .sranco  such  as  bacterial 


endotoxins,  other  bacterial  products  and  synthetic  adjuvants  are  under  study. 


COOPERATING  UNITS  (CON'T.):   D.  C.  Dale  (Dep't.  of  Med.,  Univ.  of  Wash.  Hosp., 
Seattle,  Wash.);  R.  J.  Elin  (CPD,  CC,  NIH);  F.  Gardner  (Dep't.  Med.,  Univ.  of 
Texas,  Galveston,  Texas);  H.  R.  Gralnick  (Hematology  Service,  CPD,  CC,  NIH): 
M.  IVrlow  (IRF,  NINCDS,  NIH);  and  S.  Leapman  (National  Naval  Medical  Center, 
Bethesda,  Md.) 
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Project  No.  ZOl  AI  00042-12  LCI 

Project  DoHcriptlon: 

Sulecteil  patleiitu  an^  being  HLudled  on  the  wurcla  and  In  the  laboratory. 
The  patients  can  be  divided  Into  the  following  groups:   patients  with  a)  recur- 
rent fever;  b)  Chediak-Higashi  syndrome;  c)  granulomatous  disorders;  d)  cyclic 
neutropenia;  e)  eosinophilia;  f)  recurrent  infections;  g)  familial  Mediterranean 
fever;  h)  aplastic  anemia;  and  i)  normal  volunteers. 

Extensive  studies  are  in  progress  relating  to  the  pathogenesis  of  fever, 
nonspecific  resistance  to  infection,  immune  and  other  responses  of  humans  and 
experimental  animals  to  infections,  immunosuppression,  etc. 

Objectives; 

1)  To  assess  varied  biologic  responses  of  normal  and  a  variety  of  patients 
to  pyrogens. 

2)  To  intensively  study  groups  of  patients  with  such  poorly  defined  ill- 
nesses as  familial  Mediterranean  fever,  recurrent  fever,  Chediak-Higashi  syn- 
drome, midline  granuloma,  Wegener's  granulomatosis,  and  cyclic  and  other  neutro- 
penias in  an  attempt  to  better  delineate  the  clinical  syndrome. 

3)  To  study  the  mechanisms  responsible  for  the  release  of  endogenous 
pyrogen. 

4)  To  characterize  and  purify  leukocytic  pyrogen. 

5)  To  assess  the  presence  or  absence  of  leukocytic  pyrogen  in  various 
clinical  situations. 

6)  To  assess  the  clearance  and  biologic  disposition  of  human  leukocytic 
pyrogen  in  experimental  animals. 

7)  To  assess  the  effect  of  immunosuppressive  agents  on  human  diseases. 

8)  To  explore  the  pathogenesis  of  the  increased  susceptibility  to  infec- 
tion in  a  variety  of  diseases. 

9)  To  determine  the  susceptibility  of  beige  mice  to  infection  and  to  eval- 
uate the  effects  of  ascorbic  acid  on  this  susceptibility. 

10)  To  assess  the  protective  effects  of  endotoxin  and  other  microbial  and 
sjmthetic  products  in  mice  challenged  with  various  microorganisms. 

11)  To  evaluate  the  specificity  of  limulus  amebocyte  lysate  for  compounds 
other  than  endotoxin. 

12)  To  evaluate  the  utility  of  the  limulus  amebocyte  lysate  test  to  detect 
endotoxemla  in  man. 
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13)  To  evaluate  the  clinical  utility  of  the  limulus  test  for  the  diagnosis 
of  meningitis  caused  by  Gram-negative  organisms. 

14)  To  evaluate  the  effect  of  induced  fever  on  iron  and  ferritin  kinetics. 

15)  To  determine  the  reactivity  of  a  synthetic  adjuvant,  MDP,  with  the 
limulus  test  and  pyrogenicity  in  rabbits. 

16)  To  study  the  effects  of  oral  and  parenteral  corticosteroids  in  the 
syndrome  of  cyclic  neutropenia. 

Methods  Employed: 

Patients  and  volunteers  receive  varying  doses  of  endotoxin  and  etiocholano- 
lone.   Rectal  temperatures  are  taken  and  a  variety  of  responses  are  determined: 
antibody  levels,  immunoglobulins,  plasma  Cortisol,  growth  hormone,  serum  iron, 
clotting  factors,  etc. 

Microorganisms  were  grown  in  appropriate  media,  quantitated  by  turbidity 
and  intravenously  injected  into  mice. 

Limulus  amebocyte  lysate  was  prepared  from  limulus  crabs.   The  lysate  is 
used  to  study  endotoxemia  in  man  and  specificity  of  the  reaction. 

Mice  are  given  endotoxin,  bacterial  or  synthetic  materials  and  subsequently 
challenged  at  varying  time  intervals  with  such  infectious  agents  as  Candida 
albicans,  Plasmodium  berghei,  etc. 

Human  perlplieral  leukocytes  are  Incubated  overnight  with  killed  S^.  albus 
ofK'U)  Ihiiih.   The  resulting  supernatant  contains  leukocytic  pyrogen.   This 
materia]  is  concentrated  by  means  of  alcohol  precipitation,  dialysis,  column 
chromatography  and  fractionation,  isoelectric  focusing  and  electrophoresis. 
Antibody  to  this  material  is  prepared  in  rabbits. 

Patient  Material: 

Patients  are  admitted  to  the  Clinical  Center,  as  are  normal  volunteers,  for 
these  studies.  In  addition,  patients  from  other  Institutes  participate  in  these 
studies. 

Major  Findings: 

The  successful  labeling  of  leukocytic  pyrogen  and  purification  of  this 
mnjccule  has  progressed.   The  ability  to  dt'Loct.  less  tlian  one  biologic  v.ihbil 
fever  lining  the  mhhmv  1m  n  mMJor  ;ulvanee.   Sensltlvliv  lo  le.ss  i  h;iii  0.1  hle- 
logle  doses  has  been  developed. 

The  limulus  test  has  clinical  utility  for  ihe  diagnosis  of  Cram-negative 
meningitis  in  man. 


Project  No.  ZOl  AI  00042-12  LCI 

Induced  fever  in  volunteers  effects  a  decrease  in  the  serum  iron  concentra- 
tion and  an  increase  in  the  serum  ferritin  concentration  for  approximately  a 
ten-day  period. 

The  synthetic  adjuvant,  MDP,  produces  fever  in  rabbits  at  a  concentration 
of  20  |ig/kg  but  is  negative  with  the  limulus  assay  at  a  concentration  of  1 
mg/ral. 

Prellminfjry  Htudles  suggest  that  etiocholanolone  may  be  a  useful  agent  In 
tlie  therapy  ol  hypoplastic  anemlu  but  not  aplastic  anemia. 

Kidney  transplants  have  been  successfully  done  in  two  patients  with  renal 
failure  secondary  to  amyloidosis  from  familial  Mediterranean  fever. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

The  large  number  and  wide  variety  of  studies  listed  above  provide  consider- 
able new  knowledge  dealing  with  host  response  mechanisms  to  a  wide  variety  of 
clinical  and  experimental  diseases  and  the  pathogenesis  of  fever. 

Proposed  Course; 

The  above  outlined  studies  are  to  be  discontinued. 
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Studies  were  performed  in  the  following  areas:   (1)  role  of  opsonin  depletion  in 
accelerating  the  terminal  phase  of  cryptococcosis,  (2)  radioimmunoassay  of 
cryptococcal  antigen  and  antibody,  (3)  biochemical  differences  among  the  two  sub 
groups  of  C.   neoformans,  (4)  mechanism  by  which  the  systemic  antifungal  drug, 
flucytosine,  produces  bone-marrow  toxicity  and  (5)  role  of  lymphokines  in 
recovery  from  ringworm. 
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Project  Description; 


1.  Marked  depletion  of  serum  opsonins  and  complement  components  was  docu- 
mented during  cryptococcal  septicemia  in  two  patients.   Phagocytic  indices 
(PI)  obtained  with  normal  neutrophils  and  sera  from  these  patients  were 
<0.2  (nl  1.9  -  2.3).   Serum  total  hemolytic  complement  (CH50)  was  <10%  of 
normal;  C3  levels  were  23  and  37  mg%  (nl  80  -  140);  Ci^  levels  were  91,407 
and  2956  (nl  73,000  -  193,000);  the  second  patient's  serum  contained  IgG 
antibody  to  Cryptococcus  neoformans  (CN)  as  shown  by  indirect  fluorescent 
antibody  (IFA).   Cleavage  products  of  factor  B  in  serum  were  demonstrated  in 
both  patients  by  counterlmmunoelectrophoresis.   Ability  of  these  sera  to 
mediate  C3  binding  to  CN  was  severely  impaired.   Direct  immunofluorescence 
assay  detected  no  C3  fixation  to  CN.   Radioimmunoassay  (RIA)  employing  ^^Sj 
labeled  rabbit  antihuman  C3  detected  only  24  and  30%  normal  binding.   Flu- 
orescent and  RIA  assays  with  CN  absorbed  sera  and  MgEGTA  sera  suggest  an 
important  role  for  the  alternative  complement  pathway  in  fixation  of  opsonic 
C3  fragments  to  the  CN  surface.   No  depletion  of  serum  opsonins  or  comple- 
ment components  was  found  in  six  patients  with  cryptococcosis  who  were  not 
fungemic  at  time  of  study. 

Guinea  pigs  given  6  x  10^  CN  developed  fungemia  and  died  within  two  weeks. 
Their  sera  revealed  depletion  of  serum  opsonins  and  hypocomplementemia.   Mean 
serum  PI  was  1.0  (nl  2.2  -  3.3)  and  CH50  99  (nl  150  -  300  u/ml).   Heat  killed 
CN  in  intracardiac  doses  of  2  x  10^  and  5  x  10^  cells  produced  the  same  phe- 
nomenon acutely.   Sera  obtained  at  60  minutes  had  PI  of  0.8  and  1.1  and  CH50 
of  119  and  103.   Depletion  of  complement  components  accompanies  CN  fungemia 
in  both  man  and  experimentally  infected  guinea  pigs.   Yeast  within  the  blood 
stream  may  be  the  direct  cause  of  hypocomplementemia.   The  resulting  loss  of 
serum  opsonins  may  further  impair  the  host's  abiJity  to  rontain  the  infection. 
(Macher  &  Bennett) 

2.  Type  A  Cryptoc'orciis  neoformans  polysaccharide  (("NP)  was  ty  raminy  1  a  ted  and 
lodinaicd  with  '  '"M  to  p,ivc  lO^cpm/pg.   RIA  was  sensitive  to  3  x  10~^r  type  A 
or  I)  CNP  but  wtiH  -50  lold  leH«  sensitive  to  type  B  01  C   ('.NT.   R  LA  was  more 
senBltlve  than  latex  agglutination  and  complement  fixation  in  detecting  type 
A  or  D  CNP  in  CSF.   RIA  testing  of  serum  encountered  lesser  sensitivity  and 
nonlinear  dilutional  effects,  both  due  to  binding  of  CNP  by  serum  globulin. 
Binding  was  quantitated  in  heat  inactivated  serum  by  precipitation  of  bound 
^^^I-CNP  with  ammonium  sulfate.   Antisera  to  IgG,  IgM  and  IgA  did  not  pre- 
cipitate serum  bound  ^^^I-CNP.   CNP  binding  averaged  65%  in  13  normal  sera 
(range  38-79%).   Less  than  10%  binding  was  found  in  sera  from  28/36  anti- 
genemic  and  3/22  nonantigenemic  cryptococcosis  patients.   Serum  binding  re- 
mained low  at  least  6  months  after  antigenemia  disappeared  in  3  recovered 
patients.   Among  44  suspected  cryptococcosis  patients,  the  only  patient  with 
<10%  serum  binding  had  chronic  meningitis  of  unknown  etiology.   Detection  of 
low  CNP  binding  in  serum  and  measurement  of  CNP  in  CSF  may  both  prove  to  be 
useful  applications  of  RIA  to  the  diagnosis  of  cryptococcosis.   (Bennett) 

J.   lOvldcncc  has  increased  that  C.    neoformans  contains  two  groups.   All 
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Isolates  which  mate  to  form  Fllobasldlella  neoformans  as  the  perfect  state 
have  been  serotyped  A  or  D.   All  Isolates  of  C.  neoformans  with  F.  bacilll- 
spora  as  the  perfect  state  have  been  serotyped  B  or  C.   Biochemical  markers 
have  been  found  which  parallel  these  differences.   Assimilation  of  li-malic 
acid  (M)  was  absent  by  auxanogram  at  48  hours  in  all  14  serotype  A  and  all  11 
serotype  D  isolates  of  C.    neoformans  but  was  present  in  18  of  20  serotype  B 
and  all  11  serotype  C  isolates.   Among  these  isolates,  none  of  the  17  A  and  D 
isolates  with  F.  neoformans  as  the  perfect  state  assimilated  M  at  48  hours, 
whereas  all  13  B  and  C  Isolates  with  F.  bacillispora  as  the  perfect  state 
asHlmllated  M  rapidly.   Uptake  of  ^'*C'M  by  4  isolates  of  each  serotype  was 
tenfold  higher  In  B  and  C  than  in  A  and  D  isolates.   M-dehydrogenase  activity 
was  similar  in  cell  lysates  of  2  Isolates  of  each  serotype,  suggesting  that 
permease  activity  explained  the  observed  differences  between  serotypes. 
(Bennett,  Kwon-Chung  and  Theodore) 

4.  Studies  in  collaboration  with  Dr.  Diasio  have  demonstrated  significant 
quantities  of  5-fluorouracil  in  the  blood  of  patients  receiving  the  anti- 
fungal agent,  5-fluorocytosine.   5-Fluorouracil  was  recovered  by  ion  exchange 
chromatography,  followed  by  gas  liquid  chromatography  and  mass  spectrometry. 
The  amounts  detected  to  date  (0.09  -  0.2  ug/ml)  appear  sufficient  to  explain 
the  bone-marrow  toxicity  encountered  in  these  same  patients.   (Diasio  and 
Bennett) 

5.  A  culture  filtrate  antigen  of  Trichophyton  mentagrophytes  was  used  to 
demonstrate  delayed  skin  reactions  and  lymphocyte  transformation  in  peri- 
pheral leukocytes,  using  both  experimentally  Infected  and  sensitized  guinea 
pigs.   Killed  fungnl  uporca  nlao  provided  a  good  antigen  for  lymphocyte  stim- 
ulation.  Using  •'H-adenlne  incorporation  as  an  Indicator,  supernates  of  anti- 
gen and  mitogen  stimulated  lymphocytes  were  not  found  to  inhibit  metabolism 
of  T.  mentagrophytes.   (Hernandez  and  Bennett) 

Significance  to  Biomedical  Research: 

1.  Hypocomplementia  and  opsonin  depletion  appear  to  occur  in  cryptococcosis 
when  sufficient  cryptococci  are  present  within  the  bloodstream.  The  Crypto- 
coccus  triggers  the  alternative  pathway  or,  in  the  presence  of  antibody,  the 
classical  pathway.   The  lack  of  serum  opsonins  prevents  killing  of  cryptococci 
by  monocytes  and  neutrophils,  probably  accelerating  the  terminal  phase  of  the 
infection.   The  universal  fatality  of  fungemic  cryptococcosis  could  con- 
ceivably be  reversed  by  restoration  of  complement  components,  in  addition  to 

'conventional  antifungal  chemotherapy. 

2.  Absence  of  serum  blndlnp,  to  radiolabeled  polysaccharide  in  some  recovered 
cryptococcosis  patients  is  a  genetic  or  acquired  defect  that  may  elucidate 
something  about  the  host's  Immunity  to  this  fungus.   The  substance  may  norm- 
ally be  cytophillc,  Tor  example,  and  increase  contact  between  cryptococci  and 
phagocytes  or  lymphocytes. 

3.  The  unr.i vol  ling  of  two  mnlor  groups  within  Cryptococcus  neoformans  is  the 
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first  major  advance  in  the  systematics  of  this  taxon  since  the  species  was 
first  clearly  delineated  by  Kriger  and  Van  Rij .   Collaborative  studies  ini- 
tiated by  this  section  (Kwon-Chung  and  Bennett)  have  found  these  two  groups 
to  differ  in  respect  to  perfect  state,  serotype,  epidemiology  and,  now, 
metabolism.   These  studies  are  also  clarifying  the  relationship  between  C. 
neofonnans  and  heterobasidlomycetous  yeasts. 

4.   Evidence  is  presented  for  the  first  time  that  therapeutic  doses  of  the 
antifungal  agent,  5-fluorocytoslne,  can  be  deaminated  in  the  human  body  to 
the  toxic  antimetabolite,  5-fluorouracil.   This  may  account  for  the  bone 
marrow  suppression  sometimes  seen  with  this  agent.   If  this  deamination  could 
be  blocked,  5-fluorocytoslne  could  likely  be  given  with  greater  safety.   There 
are  five  published  cases  of  death  from  this  toxic  reaction. 

Proposed  Course: 

1.  Role  of  hypocomplementemla  and  opsonin  depletion  in  cryptotoccosls  will 
be  assessed  in  experimental  murine  cryptococcosis  by  using  normal  serum  to 
restore  complement  and  opsonins  during  disease. 

2.  Low  serum  binding  to  125 j  cryptococcal  polysaccharide  in  recovered 
cryptococcosis  patients  may  represent  a  genetic  or  acquired  abnormality. 
Continued  follow-up  of  patients  with  low  binding  and  Identification  of 
the  missing  serum  component  is  planned. 

3.  Preliminary  evidence  has  suggested  an  additional  biochemical  difference 
between  subspecies  of  C.   neoformans.   An  isolate  with  the  perfect  state  of 
F_.    bacilllspora  was  found  to  convert  creatinine  to  ammonia,  whereas  two  iso- 
lates with  the  perfect  state  of  F.  neoformans  did  not  do  so.   This  finding 
will  be  confirmed  in  additional  isolates  and  the  biochemical  pathway  identi- 
fied.  Ammonia  formation  appears  to  account  for  the  "green  effect"  is  con- 
fined to  F.  bacilllspora  isolates,  making  it  likely  that  ammonia  formation 
will  also  be  restricted  to  that  subspecies. 

4.  It  Is  proposed  that  deamination  of  the  relatively  nontoxic  5-fluorocyto- 
slne  to  the  toxic  5-fluorouracil  occurs  within  the  intestinal  tract.   E.  coli 
and  other  enteric  flora  are  known  to  contain  this  enzyme.   To  test  this  pos- 
sibility, normal  volunteers  will  have  temporary  suppression  of  bacterial 
Intestinal  flora  by  nonabsorbable  antibiotics,  to  determine  the  effect  upon 
deamination  of  5-fluorocytoslne. 

5.  Cell  mixing  experiments  have  found  that  guinea  pig  peripheral  blood 
lymphocytes  can  suppress  con-A  induced  lymph  node  lymphocyte  ^H-thymidine 
Iiuoiporation.   Tlie  suppressor  cell  population  will  be  characterized  by  de- 
termining the  effect  of  mitomycin  C,  x-irradiation,  mitogen  stimulation, 
prolonged  incubation  and  cell  separation  techniques  upon  suppressor 
activity. 


233 


Project  No^       ZOl     AI     00043-12     LCI 


Publications: 


1.  Young,  R.  C,  Bennett,  J.  E.,  and  Chu,  E.  W. :   Organisms  mimicking 
Pneumocystis  carlnil.   Lancet  2:   1084-1085,  1976. 

2.  Ellner,  J.  and  Bennett,  J.  E. :   Chronic  meningitis.   Medicine  55: 
341-369,  1976. 

3.  Bennett,  J.  E. :  Review  of  amphotericin  B.  Chemotherapy  6:  105-109, 
1976. 

4.  Bennett,  J.  E. :  Amphotericin  B  binding  to  serum  betalipoprotein.  In 
Iwata,  K.  (Ed.):  Recent  Advances  in  Medical  and  Veterinary  Mycology. 
Tokyo,  University  of  Tokyo  Press,  1977,  pp  107-109. 

5.  Bennett,  J.  E. ,  Kwon-Chung,  K.  J.,  and  Howard,  D.  H. :   Epidemiologic 
differences  among  serotypes  of  Cryptococcus  neoformans.   Amer .  J . 
Epidemiol.  105:   582-586,  1977. 

6.  Bennett,  J.  E. :   Drugs  five  years  later:   flucytosine.   Ann.  Intern. 
Med.  86:   319-322,  1977. 

7.  Bennett,  J.  E. :   Systemic  mycoses.   In  Cluff,  L.  and  Johnson,  J.  (Eds.); 
Clinical  Concepts  in  Infectious  Disease.  Baltimore,  Md.,  Williams  and 
Wllkins  Co.   In  press. 

8.  Diasio,  R.  C,  Bennett,  J.  E. ,  and  Meyers,  C.  :  The  mode  of  action  of 
5-fluorocyto8ine.   Biochem.  Pharm.   In  press. 


2kQ 


*-''"  LYfiNf;  3-:;iDii:  .-iHi-'-r 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 


ZOl  AI  00044-10  LCI 


PERIOD  COVERED 

July  1,  1976  to  September  30,  1977 


TITLE  OF    PROJECT   (80  characters   or  less) 
Observations   on   Secretory   Immunoglobulins 
(includes   Humans,    Dogs    and  Guinea  Pigs) 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:   H.  Reynolds 


Head,  Bacterial  Diseases  Section 


LCI  NIAID 


COOPERATING  UNITS  (if  any) 


lab/branch 
Laboratory   of   Clinical    Investigation 


rOTION 

HacLf-'rial   Dist';iHos   Section 


INSTITUTE   AND  LOCATION 
NIAID,    NIH,    Bethesda,   Maryland     20014 


TOTAL  MANYEARS: 


PROFESSIONAL: 


CHECK  APPROPRIATE  BOX(ES) 
D  (a)   HUMAN  SUBJECTS 

U  (al)  MINORS   □  (a2)  INTERVIEWS 


n  (b)  HUMAN  TISSUES 


D  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

A  receptor  for  the  opsonic  fraRment  of  £3,  C3b, in  the  human  renal  glomerulus 
has  been  further  defined.   It  has  been  localized  to  the  surface  of  the  subeplthelj- 
ial  cell  of  the  glomerulus.   Its  importance  in  human  autoimmune  disease  is  sug- 
gested by  its  saturation  in  vivo  with  complement  fragments  in  patients  with  auto- 
immune renal  disease.  An  interstitial  renal  receptor  for  the  Fc  fragment  of  human 
and  rabbit  IgG  antibody  has  now  also  been  demonstrated.   The  function  of  this 
receptor  is  to  be  studied.   A  model  of  pneumococcal  septicemia  in  the  guinea  pig 
has  been  established  which  allows  one  to  examine  the  pathophysiological  aspects 
of  complement  function.   The  overriding  importance  of  the  Alternative  complement 
pathway  has  been  established  and  studies  are  underway  to  determine  its  mechanism 
of  action  in  pathophysiologic  terms.   Studies  of  the  interaction  of  complement 
components  on  cell  surfaces  have  led  to  the  development  of  a  new  assay  for  C3 
Inactivator. 
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Project  Description: 

Objectives; 

The  objective  of  this  program  is  the  long-term  study  of  the  role  of 
antibody  in  complement  in  the  production  of  immune  injury  in  vitro  and  in  vivo. 
To  this  end,  a  variety  of  projects  have  been  accomplished  with  a  number  of  dif- 
ferent investigators  within  and  without  the  section. 

Methods  Employed: 

In  all  of  these  studies,  the  methods  employed  involved  purification 
of  complement  components,  their  use  in  the  sequential  buildup  of  complement 
intermediates  on  cells,  the  identification  of  sera  of  patients  with  certain 
complement  abnormalities  so  that  the  sera  can  be  used  as  reagents,  and  the  pur- 
ification of  immunoglobulins  of  various  classes  by  standard  techniques.   Methods 
for  the  titration  of  complement  components  have  been  developed  in  our  laboratory 
as  well  as  in  other  laboratories,  and  these  are  in  routine  use.   Methods  for 
cultivation  of  various  types  of  bacteria  as  well  as  for  bactericidal  assays  have 
also  been  developed  as  have  methods  for  radiolabeling  of  bacteria. 

Major  Findings: 

Last  year,  in  collaboration  with  Dr.  Gelfand  and  Dr.  Green,  we  described 
a  receptor  in  cells  of  the  normal  human  glomerulus  which  acted  as  a  receptor 
for  the  immunologically  active  complement  fragment  C3b.   The  presence  of  this 
receptor  has  been  confirmed  in  many  centers.   Working  with  Drs.  Nagel  and  Shin 
of  the  Department  of  Pathology,  University  of  Maryland,  we  then  went  on  to 
demonstrate  that  this  receptor  was  no  longer  detectable  in  the  kidneys  of 
patients  with  kidney  disease  which  has  an  immunologic  origin,  i.  e.  glo- 
merulonephritis.  We  showed  that  if  the  kidney  had  C3  deposited  in  the  glomeruli 
of  the  patients,  the  receptor  was  no  longer  demonstrable.   This  suggests  that 
the  localization  of  the  complement,  which  is  very  important  in  the  pathogenesis 
of  this  illness,  may  be  related  to  the  binding  of  the  complement  fragments  to 
these  receptors.  Wo  demonstrated  that  the  receptor  was  localized  in  a  sub- 
epithelial location  within  the  glomerulus  and,  in  fact,  was  found  on  the 
epithelial  cells.   Once  again  this  conforms  to  the  presence  of  the  comple- 
ment deposits  found  in  many  of  these  damaged  kidneys.   Further  studies  have  now 
demonstrated  the  presence  of  a  receptor  for  the  Fc  fragment  of  IgG  present  in 
the  interstitial  areas  of  the  kidneys,  especially  in  the  cortical  region.   This 
receptor  is  not  easily  detectable  explaining  the  fact  that  it  has  not  been  pre- 
viously noted.   Unlike  the  glomerulus  complement  receptor  which  can  only  be 
detected  in  human  kidneys,  the  interstitial  receptor  can  be  detected  in  animal 
kidneys  as  well  which  should  greatly  facilitate  its  study.   Our  investigations 
have  demonstrated  that  the  receptor  recognizes  the  Fc  fragment  of  rabbit  IgG, 
not  the  Fab  fragment,  that  it  can  be  blocked  by  suitable  myeloma  proteins,  and 
that  it  recognizes  human  Rh  IgG  antibodies  as  well  as  rabbit  antibody.   Further 
investigations  are  planned  to  determine  whether  this  receptor  may  play  a  role 
in  the  many  thus  far  unexplained  instances  of  interstitial  immunologic  renal 
diseases. 
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These  Htudlea  have  emphasized  the  important  roJe  ol  receplorH  in  protec- 
tion from  infection,  clearance  of  the  blood  stream  and,  in  some  cases,  in  the 
development  of  autoimmune  diseases.   Chief  among  these  is  the  C3b  receptor,  a 
receptor  on  phagocytic  cells,  lymphoid  cells  and  glomerulus  which  recognizes  the 
opsonic  fragment  of  C3,  C3b.   Ms.  T.  Gaither  has  spent  the  last  several  years  in 
studying  in  detail  the  attachment  of  C3  to  the  erythrocyte  surface  as  well  as 
its  interaction  with  other  serum  proteins  including  C5,  BIH,  Properdin  factor  B 
and  the  C3  Inactivator.   She  has  been  in  the  process  of  developing  a  sensitive 
radloassay  for  the  presence  of  the  C3b  inactivator  in  human  serum  as  well  as 
studying  the  mechanisms  by  which  these  proteins  Interact  with  the  C3b  site  and 
the  biological  consequences  of  this  interaction. 

This  year  we  have  continued  our  collaboration  with  the  group  in  the  Path- 
ology Unit  of  the  National  Cancer  Institute,  and  they  have  continued  to  reclas- 
sify the  lymphoid  malignancies  on  the  basis  of  their  IgG  receptors,  complement 
receptors,  etc.   This  project  Is  leading  to  a  general  reclassification  of  lym- 
phoid malignancies  and  has  assumed  great  Importance  in  the  general  field  of 
pathology.  As  part  of  this  project,  it  has  also  been  possible  to  identify  nests 
of  malignant  cells  in  tissue  section,  and  the  techniques  for  identifying  cells 
with  various  receptors  in  tissue  section  have  been  defined.   This  project  has 
proven  to  be  highly  successful  in  terms  of  approach  to  the  study  of  malignancy 
but  it  is  felt  that  it  is  out  of  the  developmental  stage  and  can  be  carried 
forth  by  our  NCI  colleagues. 

Dr.  Hosea  has  pursued  studies  of  the  role  of  complement  in  protection 
from  infectious  diseases.   He  has  been  particularly  interested  in  the  interac- 
tion of  pneumococci  with  components  of  the  classical  and  alternative  complement 
pathways.  He  has  shown  that  complement  plays  an  Important  role  in  protection 
against  systemic  pneumococcal  infection  in  the  guinea  pig,  and,  using  the  cobra 
venom  anticomplementary  protein,  has  been  able  to  produce  pneumococcal  septicemia 
in  the  gulna  pig  which  ultimately  leads  to  death.   Such  a  guinea  pig  model  had 
not  been  established  before.   He  has  demonstrated  the  critical  role  of  the 
alternative  complement  pathway  in  protection  from  pneumococcal  infection  and 
also  that  the  major  function  of  antibody  in  this  model  Is  simply  to  activate 
complement.   In  this  model  antibody  alone  provides  little  protection.   These 
studies  of  complement  function  in  bacteremia  are  Just  beginning,  and  it  is 
planned  to  continue  and  extend  their  scope  considerably. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

The  complement  system  plays  a  major  role  in  the  production  of  Inflamma- 
tion and  in  protection  against  infectious  diseases.   In  addition,  it  contributes 
greatly  to  the  tissue  damage  noted  in  many  types  of  autoimmunity.   These  studies 
which  define  complement  receptor  function  and  location,  mechanisms  of  comple- 
ment activation  and  the  pathophysiologic  role  of  complement  factors  in  various 
animal  models  of  human  illness  are  key  to  our  further  understanding  of  how  com- 
plement acts  in  disease  states  in  man. 


2k^ 


Project  No.  ZOl  AI  00045-09  LCI 
Publications : 

1.  Frank,  M.  M. ,  Jaffe,  E.  S,,  and  Green,  I.:   Detection  of  specific  mono- 
nuclear cell  receptors  in  tissue  sections.   In  David,  J,  and  Bloom,  B. 
(Eds.):   In  Vitro  Methods  of  Cell  Mediated  Immunity.  New  York,  Academic 
Press,  1976,  pp.  203-216. 

2.  Gelfand,  M.  C,  Shin,  M.  L.,  Nagle,  R.  B.,  Green,  I.,  and  Frank,  M.  M.  : 
The  glomerular  complement  receptor  in  immunologically  mediated  renal 
glomerular  injury.   New  Engl .  J.  Med.  295:   10-14,  1976. 

3.  Gelfand,  J.  A,,  Elin,  R.  J.,  Berry,  F.  W.,  and  Frank,  M.  M. :   Endotoxemia 
associated  with  the  Jarisch-Herxheimer  reaction  of  syphilis.   New  Engl . 
J.  Med.  295:   211-213,  1976. 

4.  Braylan,  R.  C,  Jaffe,  E.  S.,  Burbach,  J.  W. ,  Frank,  M.  M. ,  Johnson,  R.  E., 
and  Berard,  C.  W. :   Similarities  of  surface  characteristics  of  neoplastic 
well-differentiated  lymphocytes  from  solid  tissues  and  from  peripheral 
blood.   Cancer  Res.  36:   1619-1625,  1976. 

5.  Jaffe,  E.  S.,  Braylan,  R.  C,  Frank,  M.  M. ,  Green,  I,,  and  Berard,  C.  W.  : 
Heterogeneity  of  immunologic  markers  and  surface  morphology  in  childhood 
lymphoblastic  lymphoma.   Blood  48:   213-222,  1976. 

6.  Mann,  R.  B.,  Jaffe,  E.  S.,  Braylan,  R.  C,  Nanba,  K.,  Frank,  M.  M.  , 
Ziegler,  J.  L. ,  and  Berard,  C.  W. ;   Nonepidemic  Burkett's  lymphoma:   A  B- 
cell  tumor  related  to  germinal  centers.   New  Engl.  J.  Med.  295:   685-691, 
1976. 

7.  Hicks,  J.  T.,  Klutch,  M.  J.,  Albrecht,  P.,  and  Frank,  M.  M. :   Analysis  of 
complement  dependent  antibody-mediated  lysis  of  target  cells  acutely 
infected  with  measles.   J.  Immunol.   117:   208-252,  1976. 

8.  Jaffe,  E.  S.,  Braylan,  R.  C,  Frank,  M.  M.  ,  Green,  I.,  and  Berard,  C: 
Heterogeneity  of  immunologic  markers  and  surface  morphology  in  childhood 
lymphoblastic  leukemia.   Blood  48:   213-222,  1976. 

9.  Shovach,  E.  M.,  Frank,  M.  M. ,  and  Grocn,  I.:   Linkage  of  the  gene  continil- 
ling  the  synthesis  of  the  fourth  component  of  complement  to  the  major 

h istocompat ib L L i ty  romplex  of  the  guinea  pig.   Immunogene tics  3:   595-bOl, 
1976. 

10.  Katz,  S.  I.,  Hertz,  K.  C,  Crawford,  P.  S.,  Gazze,  L.  A.,  Frank,  M.  M. ,  and 
Lawley,  T.  J.:'   Effects  of  sulfones  on  complement  deposition  in  dermatitis 
herpetiformis  and  on  complement  mediated  guinea  pig  reactions.   J.  Invest. 
Derm.   67:   688-690,  1976. 

11.  Shin,  M.  L.,  Gelfand,  M.  C,  Nagle,  R.  B.,  Carlo,  J.  R. ,  Green,  I.,  and 
Frank,  M.  M. :   Localization  of  receptors  for  activator  complement  on  vis- 

,  ceral  epithelial  cells  of  the  human  renal  glomerulus.   J.  Immunol .  118: 
869-873,  1977. 

2L:5 


Project  No.  ZOl  AI  00045-09  LCI 

12.   Braylan,  R.  C. ,  Jaffe,  E.  S.,  Mann,  R,  B.,  Frank,  M.  M. ,  and  Berard,  C.  W. 
Surface  receptors  of  human  neoplastic  lymphoreticular  cells.   In 
Thierfelder,  S.,  Rodt,  H.,  and  Thiel,  E.  (Eds.):   Blood  (Supplement): 
Immunologic  Diagnosifl  of  Leukemias  and  Lymphomas.   New  York,  Springer 
Verlag.  1977,  pp.  47-54. 


2ti6 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (.Do  NOT  use  this  space) 


U.S.  UtKAHIMtlNI  Ut- 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTR/iiURAL  RESEARCH  PROJECT 


I'KUJtCI     NUIYlBtK 


ZOl  AI  00046-09  LCI 


PERIOD  COVERLD 


luly 


TITl.l.   01     CIIUJr.CT    (ho  ,,lmr.i.  I^ir.   oi     1 


1976  to  September  10, 


197  7 


Pathogenesis  of  Delayed  Hypersensitivity 


NAMLS,  LAHORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 


PI:       C.  H.  Klrkpatrick 


OTHER:    S.  Chapman 

P.  Hoffman 

A.  Agbata 

M.  Abed in 

M.  Frank 

J.  Gall in 

D.  Wright 

T.  Smith 


Head,  Clinical  Allergy  and  LCI  NIAID 
Hypersensitivity  Section 

Clinical  Associate  LCI  NIAID 

Guest  Worker  LCI  NIAID 

Visiting  Fellow  LCI  NIAID 

Guest  Worker  LCI  NIAID 
Head,  Clinical  Immunology  Section  LCI  NIAID 

and  Chief  (Effective  7/1/77) 

Senior  Investigator  LCI  NIAID 

Clinical  Associate  LCI  NIAID 

Biol.  Lab.  Tech.  (Micro.)  LCI  NIAID 


COOPERATING  UNITS  (if  any) 

K.  Hertz  and  S.  Katz  (Derm.  Br.,  NCI,  NIH) ;  J.  Cook  and  A.  Lewis  (LVD,  NIAID,  Niri) 
R.  Hong  (Dept.  of  Pediatrics,  Univ.  of  Wisconsin  School  of  Med.);  J.  Twomey  (Dept . 
of  Med..  Baylor  Univ.  College  of  Med.) 


lab/branch 


Laboratory  of  Clinical  Investigation 


SECTION 

Clinical  Allergy  and  Hypersensitivity  Section 

TNr7TTTIJTI     AND    LOGATION  "  '"    "  ~  '" 

NIAID,  NIH,  Bethesda,  Maryland   2001A 

lOTAL   MANYLARSi  I  I'RUF  I  SslONALi  [OTHERi 

3  -..ILIJ-  I         4  -  5/12   I  1 


CHECK  APPROPRI/'.TE  BOX(ES) 
g  (a)   HUMAN  SUBJECTS 

LI  (al)  MINORS   □  (a2)  INTERVIEWS 


□  (b)  HUMAN  TISSUES 


n  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

These  studies  have  been  directed  at  answering  three  general  questions:   1)  defi- 
nition of  the  contribution  of  cell-mediated  immune  mechanisms  to  resistance  of 
humans  to  certain  opportunistic  infections;  2)  evaluation  of  immunologic  recon- 
stitution  as  a  therapeutic  tool  in  management  of  patients  with  certain  oppor- 
tunistic  infections;  and  3)  identification  and  characterization  of  the  components 


of  djla1_y7,nbl_p  transjf^^  factor. 

TIk'  ii'suUs  oblaliicd  shi)w  t  iiat  approximately  hCV.r,  ^1  pntl.-nls  with  chronic  mucocu- 
taneous candidiasis  have  definable  defects  in  cellular  immunity.   In  most  cases, 
these^  defects"  can  be  corrected  by  treatment  with  iransfor  factor.   Correct  Lon  of 
tho  defect  alone  Is  not  associated  with  clinical  benefits.   However,  if  the  in- 
fectionH  are  cleared  with  antibiotics  and  transfer  lacior  is  used  as  a  lonn  ol 
conH<il  Idiit  lon  Ihfnijjy,  HUHtalned  romlRHtons  are  observed. 


Lor  contains  many  components  .-lomo  ol  which  meddjite  am  '  gen-dependent 
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Project  Description: 
Objectives  (sub-project  A): 

1)  Characterization  of  cellular  immune  responses  in  immunologi- 
cally deficient  patients  with  chronic  infectious  diseases; 

2)  Studies  of  the  pathogenesis  of  acquired  and  congenital  Immuno- 
logic deficiencies; 

3)  Characterization  of  the  pathogenesis  of  cutaneous  inflammation 
in  chronic  mucocutaneous  candidiasis: 

4)  Evaluation  of  levamisole  on  cellular  immune  and  chemotactic 
responses  by  immunologically  deficient  patients. 

Methods  Employed: 

The  major  portion  of  our  studies  of  cellular  immune  deficiency  have 
been  conducted  in  patients  with  chronic  mucocutaneous  candidiasis. 
Approximately  45  patients  with  this  syndrome  have  been  evaluated  by  our 
group;  evidence  of  Immunologic  deficiency  has  been  found  In  65%  of  the 
patients.   The  general  model  for  the  pathogenesis  of  cellular  immuno- 
deficiency that  we  presented  in  1971  still  serves  as  a  valid  outline  in 
which  to  conduct  studies  of  host-defenses.   According  to  this  model 
patients  with  candidiasis  developing  during  infancy  or  early  childhood 
have  a  congenital  basis  for  their  immunologic  deficits. 

Recently  we  have  seen  patients  who  did  not  have  evidence  of  immuno- 
deficiency during  childhood  or  early  adult  life.   Instead,  they  devel- 
oped classical  mucocutaneous  candidiasis  during  the  fifth  or  sixth 
decade.   These  patients  have  been  used  to  study  mechanisms  of  acquired 
cellular  immuno-def iclency . 

In  our  1971  model  we  proposed  that  lymphocytes  may  respond  to 
antigens  by  replicating  (lymphocyte  transformation)  by  producing  lympho- 
kines  or  by  developing  cytotoxic  activity.   The  first  two  responses  have 
received  Intensive  evaluation  in  our  laboratory  and  data  have  been 
generated,  both  by  ourselves  and  by  others,  that  suggest  that  these 
responses  may  Involve  separate  subpopulations  of  T-cells. 

We  have  also  Investigated  the  mechanisms  of  inflammation  in  the 
skin  of  patients  with  chronic  candidiasis.   This  study  was  undertaken  in 
an  effort  to  define  the  inflammatory  pathways  that  were  operative  in 
patients  who  had  intense  cutaneous  inflammation,  but  deficient  cellular 
immunity.   Preliminary  experiments  suggested  that  the  complement  system 
was  being  activated  directly  via  the  alternative  pathway. 
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Prompted  by  these  findings  wc  establ Islied  twc  models  lor  acuLc 
cutaneous  candidiasis  in  guinea  pigs.   One  involved  placement  of  viable 
yeast-phase  organisms  under  occlusive  dressings.   The  second  did  not 
employ  occlusion,  but  larger  numbers  of  organisms  were  rubbed  into  the 
shavfd  skin.   'I'ho  pathogenesis  of  these  infections  has  been  followed 
witli  conventional  as  well  as  fluorescence  microscopy.   The  immune  status 
of  the  anlmal.s  has  also  been  assessed  with  both  in  vivo  and  in   ^iCZ£ 
t echn 1 quos . 

The  studies  of  immunologic  components  of  host  defenses  have  been 
extended  to  a  tumor  system  in  collaboration  with  Drs.  James  Cook  and 
Andrew  Lewis,  LVD,  NIAID.   These  experiments  have  been  conducted  in 
hamsters  and  initial  efforts  have  involved  development  of  assays  for  T- 
ccll  immunity.   These  studies  are  essentially  complete  and  we  are  now 
I'xam  1 11 1  iiji;  tile  natural  history  ol'  tumt)rs  In  normal  and  Lhymee  tom1  zed 
111  ice . 

Levamisole  is  an  antihelminthic  drug  that  through  serendipity  was 
found  to  amplify  immune  responses.   In  collaboration  with  Drs.  Daniel  Wright 
and  John  Gallin  we  have  examined  the  effect  of  levamisole  on  chemotactic 
responses  by  neutrophils  and  monocytes  from  normal  volunteers  and  patients 
with  chemotactic  disorders. 

Ma j_o  r  F  i  nd  i n gs  : 

The  studies  of  the  nature  of  the  immunologic  defects  in  candidiasis 
patients  have  been  extended.   Dr.  Stanley  Chapman  has  established  an 
assay  for  the  lymphokine,  leukocyte  migration  inhibitory  factor  (LIF) , 
in  the  laboratory  and  has  studied  LIF  production  by  antigen  and  mitogen- 
stimulated  lymphocytes  from  candidiasis  patients.   These  studies  have 
shown  lliat  cells  from  most  candidiasis  patients  riv^pond  to  mitogens  by 
releajiiny;  I. II'',  but  responses  to  stimulation  with  antigens  are  variable. 
Ill  general,  cells  I  rom  patients  with  active  caiulkliasis  fail  to  respond 
to  in  vitro  stimulation  with  Candida  with  LIF  production,  but  once  the 
patients  are  in  remission,  cand id ia-induced  LIF  production  is  observed. 
These  findings  indicate  that  the  cells  from  the  patients  are  genetically 
capable  of  producing  LIF,  but  do  not  do  so  when  the  disease  is  active. 
This  finding  suggests  that  an  active,  suppressive  process  may  be  present. 
Olher  experiments  have  shown  that  serum  factors  are  not  responsible  for 
thin  elleei;  I  lie  possible  role  of  cellular  suppressors  Is  currently 
under  study. 

The  studies  of  tlii'  mechanisms  of  cutaneous  intlaramatlon  in  experi- 
mental caiul  id  i.isis  have  been  continued.   Dr.  Rohn  I  o  has  performed  experi- 
ments in  CA-defii- ient  guinea  pigs  that  provide  additional  evidence  that 
activationof  the  complement  system  in  these  lesions  occurs  via  the 
alternative  pathway. 
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It  has  also  been  found  that  basophils  accumulate  lust  below  the 
basement  membrane  zone  In  the  lesions  of  cutaneous  candidiasis.   The 
mechanism  of  basophil  accumulation  has  not  been  established,  but  evi- 
dence against  a  direct  effect  by  components  or  products  of  the  organism 
or  complement-derived  factors  has  been  accumulated.   We  suspect  that 
there  may  be  a  basophil-attracting  substance  produced  either  by  lympho- 
cytes or  by  the  epithelial  cells,  but  this  proposition  is  just  now  under 
study. 

In  collaboration  with  Drs.  Hertz  and  Katz  of  the  Dermatology  Branch, 
LCI,  n  Htudy  of  the  mechanisms  of  vitiligo  in  patients  with  candidiasis- 
endocr Inopathy-vitillgo-alopec-lu  wyndrome  was  undertaken.   Two  patients 
were  found  whose  serum  contained  an  Ig(;  antibody  that  reacted  with 
melanocytes,  nevus  cells  and  melanoma  cells.   This  is  the  first  time 
that  such  antibodies  have  been  detected. 

The  studies  of  tumor  immunity  in  the  hamster  have  been  rewarding. 
First,  Dr.  Cook  characterized  the  ontogeny  of  development  of  Con  A- 
responsive  lymphocytes  in  the  hamster.   These  experiments  have  shown 
that  newborn  hamsters  have  a  few  Con  A-reactive  cells,  but  by  the  first 
week  there  are  essentially  no  Con  A  responses.   This  condition  persists 
until  24-27  days  of  life  when  there  is  a  rapid  increase  in  Con  A-reactivity 
to  the  levels  seen  in  adult  animals.   Resistance  to  oncogenesis  by 
adenovirus  transformed  cells  develops  by  the  third  week  of  life  in  the 
hamster.   Thus,  resistance  to  tumor  development  is  not  simply  due  to 
saturation  of  lymphocyte  function.   Currently,  maturation  of  macrophage 
function  is  under  study. 

The  experiments  with  Levamisole  in  patients  with  chemotactic  defects 
have  progressed  to  a  point  where  two  patients  are  on  chronic  levamisole 
therapy.   Their  chemotactic  responses  are  now  normal. 

Significance : 

1)  Theso  experiments  and  those  presented  in  sub-project  B  (below) 
further  define  the  relationship  between  cellular  immune  responses  and 
susceptibility  to  certain  chronic  infectious  diseases.   In  addition,  the 
patients  apparently  become  infected  because  of  a  cellular  immunodeficiency, 
but  production  of  lesions  occurs  through  a  complement-dependent  pathway. 

2)  In  vivo  correction  of  cellular  chemotactic  defects  has  not  been 
achieved  before.   It  should  now  be  possible  to  further  define  the  role 
of  chemotactii'  abnormal  i  L  los  in  susceptibility  to  infections. 

Proposed  Course: 

As   described   above,    certain   of    these   projects  will   be   continued. 
lEmphaslH   In   the   future  will   hr   townrd   ilerinltlon  of   the   cellular  defect 
In   th<'    I  yiiiphdcyi  i-H   and/m    iiinmu'vi  fs    In    rlu'    Imminuulel  li- lt>nt    palU-ntN. 
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Objectives  (sub-project  B)  : 

1)  Evaluation  of  Immunologic  reconstltution  as  a  therapeutic 
adjunct  for  treating  chronic  infectious  diseases; 

2)  Identification  and  characterization  of  the  components  of  dialyz- 
able  transfer  factor  and  assessment  of  their  functions  in  immunologic 
and  Inflammatory  reactions; 

3)  Investigation  of  transfer  factor-like  materials  in  laboratory 
animals. 

Methods  Employed: 

The  trial  of  transfer  factor  in  candidiasis  is  being  continued  with 
the  oldest  participants  being  in  the  fifth  year  of  treatment.   These 
subjects  receive  transfer  factor  every  four  months. 

A  new  study  has  been  started  in  which  immunodef icient  patients  with 
candidiasis  are  being  treated  with  transfer  factor  from  candidia  skin 
test  negative  donors. 

Whole  dialyzable  transfer  factor  is  being  separated  into  its 
component  parts  by  gel  filtration,  ion-exchange  chromatography  and 
silica  gel  chromatography.   Fractions  are  assayed  for  composition  and 
activities  on  immune  responses  in  vivo  and  Jji  vitro. 

Major  Findings: 

Thus  far  seven  patient  in  whom  remissions  were  Induced  with  ampho- 
tericin are  receiving  transfer  factor  from  candldia-senslt ive  donors. 
In  each  case  the  patient  has  developed  in  vivo  and  In  vitro  evidence  of 
cellular  immunity  to  Candida.   This  indicates  that  the  transfer  fartor 
w;)H  .let  Ive  and  tli.-il  Iriinsfor  factor  was  cniinbli'  o\'    "cnrrortin)\"    I  he 
Immimologlf  lesion  In  tin-  patlentH*  i-ella.   Klvo  ol  i  lu-  pnrliMits  h.-we 
maintained  po«lLlvt>  akin  responHes  to  Candida  nnd  all  t  Ivi'  ol  these 
patients  have  remained  In  remisalon  for  1  to  6  years.   Theae  remissions 
are  substantially  longer  than  those  expected  with  amphotericin  alone. 
The  two  patients  who  failed  to  maintain  cellular  immunity  to  Candida 
also  suffered  relapses  of  cutaneous  candidiasis. 

Five  patients  have  received  transfer  factor  from  donors  who  do  not 
have  cellular  immunity  to  Candida.   All  patients  were  first  treated  with 
amphotericin  to  induce  remissions.   None  of  the  recipients  have  developed 
cellular  immunity  to  Candida,  an  observation  that  suggests  that  transfer 
factor  has  immunologic  specificity.   Two  of  these  patients  have  relapsed. 
The  other  three  are  in  remission  and  have  been  for  periods  of  8  months 
to  2  years. 
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In  Hummury,  nil  reclpli-nts  of  transfer  facLor  (from  either  cnndlda- 
sensltlve  or  randlda-insensUlve  donors)  have  remissions  that  are  longer 
than  those  seen  with  amphotericin  B  alone.   It  Is  important  to  note  that 
the  relapses  have  occurred  only  in  persons  who  did  not  achieve  or  main- 
tain cell-mediated  immunity  to  Candida. 

We  have  also  had  an  opportunity  to  evaluate  the  effect  of  immunolo- 
gic reconstitution  in  a  patient  with  the  adenosine  deamlnase-posit ive 
form  of  nevon-  combined  Immunodeficiency.   This  patient  was  given  n 
t.rnn«pl(uit  1)1  (111  t  iirfU  t  hymuH  epttht'Uum.  Afttr  transplanter  Ion  rlu»re 
wail  an  Iiictuhhh  In  the  percentage  of  K-roaette  forming  T-lymphocyteu  and 
the  numbers  of  mitogen-reaponslve  T-cella.   There  was  also  an  increase 
in  the  plasma  thymic  hormone  activity  into  the  normal  range.   The  most 
striking  clinical  change  occured  late  In  the  second  week  when  there  was 
spontaneous  clearing  of  the  cutaneous  candidiasis  lesions. 

Progress  toward  Isolation  of  the  activity  moiety  in  transfer  factor 
has  been  slow,  but  we  now  believe  that  It  Is  a  peptide. 

Significance: 

These  experiments  have  shown  that  transfer  factor  may  have  non- 
specific effects  that  provide  some  benefits  to  patients  with  chronic 
mucocutaneous  candidiasis.   However,  long  term  remissions  only  occur  in 
recipients  who  acquire  and  maintain  cellular  immunity  to  Candida. 

Proposed  Course: 

The  patients  will  be  followed  until  each  person  has  been  under 
treatment  for  at  least  one  year.   In  addition,  we  will  continue  to 
persue  the  chemical  nature  and  mechanism  of  action  of  transfer  factor. 

Publications: 

1.  Ascher,  M.  S.,  Gottlieb,  A.  A.,  and  Klrkpatrlck,  C.  H.  (Eds.): 
Transfer  Factor.   Basic  Properties  and  Clinical  Applications.   New 
York,  Academic  Press,  1976,  pp.  1-753. 

2.  Klrkpatrlck,  C.  H.  and  Smith,  T.  K.:   Effects  of  dialyzable  transfer 
factor  on  accumulation  of  cyclic  nucleotides  by  leukocytes.   In 
Ascher,  M.  S.,  Gottlieb,  A.  A.  and  Klrkpatrlck,  C.  H.  (Eds.): 
Transfer  Factor.   New  York,  Academic  Press,  1976,  pp.  161-172. 

3.  Klrkpatrlck,  C.  H.,  Robinson,  L.  G.,  and  Smith,  T.  K. :   The  identifi- 
cation and  significance  of  hypoxanthine  In  dialyzable  transfer 
factor.   Cell.  Immunol.  2A :  230-240,  1976. 
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Clinical  Applications  of  Transfer  Factor.   Cell.  Immunol.  21:  379-381, 
1976. 

5.  Kirkpatrick,  C.  H.  and  Smith,  T.  K.:  The  nature  of  transfer  factor 
and  its  clinical  efficacy  in  the  management  of  cutaneous  disorders. 
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6.  Sohnle,  P.  G.,  Frank,  M.  M.  and  Kirkpatrick,  C.  H.:   Mechanisms 
involved  in  elimination  of  organisms  from  experimental  cutaneous 
Candidia  albicans  infections  in  guinea  pigs.   J.  Immunol.  117:  523- 
530,  1976. 

7.  Steinberg,  A.  D.  and  Kirkpatrick,  C.  H.:   Concepts  of  immunologic 
intervention  in  the  treatment  of  asthma.   In  Siegal,  M.  A.  and 
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SUMMARY   OF    WORK    (200   words   or   less   -   underline    •■ 

The  lack  of  antigen-specific  cellular  responsiveness  seen  in  patients  with 
chronic  schistosomiasis  has  been  found  to  be  associated  with  inhibitory  factors, 
both  in  serum  and  in  mononuclear  cell  populations  of  cases  with  the  chronic  infec 
tion.   Another  type  of  immune  modulation,  involving  serum  IgM  and  IgG  antibodies 


to  a  proteoglycan  antigen  of  the  schistosome,  has  been  found  in  patients  with 
acute  or  chronic  schistosomiasis.  The  nature  of  immune  complexes  in  patients 
with  acute  schistosomiasis  is  under  way. 

Specificity  of  the  IgE  response  to  various  filarial  antigens,  as  assessed  bj 
histamine  release,  is  being  studied  in  collaboration  with  workers  in  Madras, 


India.  This,  as  well  as  their  cellular  immune  responsiveness, is  of  particular 
interest  in  tropical  pulmonary  eosinophilia,  aa  well  as  in  other  clinical  syn- 
dromes of  filariasi.s. 
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Madras,  India);  R.  Hiatt  (San  Juan  Laboratory,  Center  for  Disease  Control, 
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SUMMARY  OF  WORK  ( Con ' t . ) : 

Circulating  eosinophils  in  normals  were  found  to  have  a  low  frequency  of 
complement  and  IgG  receptors  on  their  cell  membrane,  but  these  were  increased 
in  patients  with  parasitic  helminth  infections.   The  interactions  of  mast  cells , 
as  well  as  eosinophils,  with  parasites  or  parasite  antigens  is  being  studied. 
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Project  Description: 

The  return  of  Drs.  Nash  and  Wyler  to  LPD/LCI  now  provides  a ^sizeable  nucleus 
of  investigators  with  training  in  general  infectious  diseases  and  clinical  re- 
search interest  in  parasitic  diseases.   Senior  Investigators  rotate  in  providing 
consultation  and  out-patient  service  for  clinical  parasitic  diseases.   Peace 
Corps  volunteL-rs  constitute  the  largest  single  source  of  referrals,  but  outside 
physicians  and  NIh  staff  are  providing  referrals  to  an  increasing  degree. 
Field  studies  with  collaborating  groups  abroad  continue  to  provide  an  important 
source  of  research  material. 

Studies  on  Schistosomiasis:   (Note  that  material  on  this  subject  is  also  covered 
in  LPD  Project  Report  Nos.  00093-03  and  00161-01).   Study  of  cellular  immune 
responsiveness  in  chronically  infected  patients  under  observation  by  collabora- 
tors in  Puerto  Rico  revealed  a  lack  of  response  to  parasite  antigens,  in  con- 
trast to  the  brisk  responses  seen  in  acute  patients  and  the  intermediate  degree 
of  response  in  patients  between  the  acute  and  chronic  stage.   Inhibitory  factors, 
both  in  serum  and  in  mononuclear  cells,  have  been  identified  in  patients  with 
chronic  infection  and  the  nature  and  functional  roles  of  these  modulating  fac- 
tors are  under  study  (Dr.  Ottesen),   Humoral  immunity  of  the  IgM  and  IgG  frac- 
tions to  a  proteoglycan  schistosome  antigen  also  appears  to  undergo  a  modula- 
tion in  response  with  time  and  this  pattern  may  be  useful  in  clinical  diagnosis 
(Drs.  Nash,  Cheever  and  Ottesen).   The  sera  of  patients  with  acute  schistosomi- 
asis were  found  to  contain  immune  complexes,  and  these  are  much  less  prominent 
in  sera  from  chronic  cases  (Drs.Lawley  and  Ottesen). 

Studies  on  Filariasi^:   (Note  that  material  on  this  subject  is  also  covered  in 
LPD  Project  Report  No.  00093-03),  Partly  as  a  result  of  our  earlier  findings 
of  cellular  immune  responses  in  Cook  Islanders  with  filariasis,  we  were  eager 
to  study  immunologic  aspects  of  different  clinical  syndromes  of  filariasis  else- 
where.  The  opportunity  to  do  so  has  come  in  collaboration  with  the  Indian 
Medical  Research  Council  facility  in  Madras  with  the  Madras  Medical  College  in 
the  same  city.   This  geographic  area  for  such  studies  is  of  particular  interest 
because  a  dramatic  clinical  syndrome  characterized  by  asthma,  striking  eosino- 
philia,  mild  pulmonary  infiltrates  and  high  IgE  levels  (tropical  pulmonary 
eosinophilia)  is  relatively  common  in  southern  India.   This  is  believed  due  to 
an  unusual  immune  response  in  certain  individuals  with  filarial  infection  in 
which  microfilariae  are  trapped  in  the  lungs  and  do  not  circulate  in  the  blood. 
In  addition  to  study  of  cellular  immune  responsiveness  in  patients  with  dif- 
ferent clinical  manifestations  of  filariasis,  specificity  of  the  IgE  response 
can  be  studied  in  patients  with  tropical  pulmonary  eosinophilia  (TPE).   Hista- 
mine release  from  peripheral  white  cells  of  TPE  patients  after  exposure  to 
different  filarial  antigens  is  being  determined  for  clues  to  the  infecting 
species  of  filarial  parasite  (Drs,  Ottesen  and  Neva). 

KoH  in(^ph  i  In  ,  It.'iHoph  i  1  n  .'iikI  M.msL  (^ells  in  Parasitic  Infections;   (Note  that 
material  on  this  subject  is  also  covered  in  Ll'U  Project  Report  Nos.  00093-03 
and  00161-01).   Since  the  eosinophil  is  prominently  associated  with  many  hel- 
minthic infections,  both  in  the  peripheral  blood  and  in  the  involved  tissues, 
studies  of  immunologic  receptors  on  the  eosinophil  membrane  were  initiated  in 
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an  effort  to  better  understand  the  function  of  this  cell  in  parasitic  infec- 
tions.  In  contrast  to  the  situation  with  neutrophils,  only  abput  30  percent  of 
eosinophils  from  normal  individuals  have  complement  receptors  and  even  less, 
five  percent,  have  IgG  receptors.   The  percentage  of  both  types  of  these  recep- 
tor-bearing eosinophils  are  increased  in  patients  with  parasitic  helminth 
infections.   These  receptors  appear  to  be  important  in  the  adherence  of  eosino- 
phils to  schistosomulea ,  the  first  step  in  the  cytotoxic  function  of  eosino- 
phils (Drs.  OttoHf'n,  Chccvor,  Nash,  Frnnk  .'uid  C.'uiiM<).   Anothi-r  type  of  cell, 
the  blood  basDphil  .■ind  the  Liasue  mast  cell,  which  art'  the  prime  participants 
in  allergic  reactions  by  virtue  of  their  role  in  antigen-antibody  reactions 
involving  IgE,  is  being  studied  in  systems  involving  parasites  and  parasitic 
antigens  (Drs.  Nash,  Kaliner  and  Henderson). 

Further  work  on  the  cell-mediated  immune  response  in  leishmanial  infec- 
tions, in  both  animals  and  man,  has  been  started  (Drs.  Wyler ,  Dwyer  and 
Weinbaum) . 

Individual  patients  with  unusual  problems  of  parasitic  infection  are 
encountered,  such  as  an  immunodef icient  individual  with  persistent  and  severe 
strongyloidiasis,  which  serve  as  the  stimulus  for  new  areas  of  research 
(Dr.  Neva). 

Publications : 

1.  Wyler,  D,  J.  and  Gallin,  J.  I.;   Amplification  of  the  spleen  macrophage 
population  in  malaria:   Possible  role  of  a  factor  chemotactic  for  blood 
mononuclear  cells.   In  Battisto,  J.  R.  and  Streilein,  J.  W.  (Eds.): 
Immuno-Aspects  of  the  Spleen.   New  York,  North-Holland  Publishing  Co.,  1976, 
p.  333. 

2.  Wyler,  D.  J.,  Miller,  L.  H. ,  and  Schmidt,  L.  H.:   Protective  and  suppressive 
roles  of  the  spleen  in  quartan  malaria.   In  Battisto,  J.  R.  and  Streilein, 
J.  W.  (Eds.):   Immuno-Aspects  of  the  Spleen.   New  York,  North-Holland 
Publishing  Co.,  1976,  p.  253, 

3.  Wyler,  D.  J.  and  Gallin,  J.  I.:   Spleen-derived  mononuclear  cell  chemotactic 
factor  in  malaria  infections.   A  possible  mechanism  for  splenic  macrophage 
accumulation.   J.  Immunol.   118:   478-484,  1977. 

4.  Wyler,  D.  J.,  Miller,  L.  H. ,  and  Schmidt,  L.  H.:   Spleen  function  in  quartan 
malaria  (Plasmodium  inui):   Evidence  for  both  protective  and  suppressive 
roles  in  host  defense.   J.  Infect.  Pis.  135:   86-93,  1977. 

5.  Nash,  T.  E.,  Nasir-ud-Din,  and  Jeanloz,  R.  W. :   Further  characterization 
nnd  pur  if i  cit ion  of  a  circulating  antigen  in  schistosomiasis.   J.  Immunol. 
in    prc.'K.s. 

6.  Neva,  F.  A.:   Looking  back  for  a  virw  of  tho  futuro:   Observations  on 
immunity  to  induced  malaria.   Am.  J.  Trop. Med .  Hyg .   In  press. 
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7.  Otteaen,  E.  A.,  Weller,  P.  F. ,  and  Heck,  L. :   Specific  cellular  immune  un- 
responsiveness in  human  filariasis.   Immunology  In  press. 

8.  Ottesen,  E.  A.,  Poindextrer,  R.  W. ,  and  Hiatt,  R.  A.:   'Long-distance' 
lymphocyte  study:   The  effects  of  transporting  blood  on  lymphocyte  blasto- 
genic  responses.   Clin.  Exp.  Immunol.   In  press. 

9.  Ottesen,  E.  A.,  Stanley,  A.  M. ,  Gelfand,  J.  A.,  Gadek ,  J.  E.,  Frank,  M.  M. , 
Nash,  T.  E.,  and  Cheever,  A.  W. :   Immunoglobulin  and  complement  receptors 

on  human  eosinophils  and  their  role  in  cellular  adherence  to  schistosomules. 
Am.  J.  Trop.  Med.  Hyg.   In  press. 

10.  Ottesen,  E.  A.,  and  Cohen,  S.  G. :  The  eosinophil,  eosinophilia  and  eosino- 
phil-related  disorders.  In  Middleton,  E.,  Ellis,  E.  and  Reed,  C.  E.  (Eds.): 
Allergy:   Principles  and  Practice.   C.  V.  Hosby  Co.   In  press. 
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Project  Description: 

Objectives: 

To  define  the  pathophysiologic  function  of  antibody  and  complement  on 
the  surface  of  red  cells  in  patients  with  acute  hemolytic  anemia  and  to  deter- 
mine how  the  body  handles  particles  coated  with  antibody  and  complement  com- 
ponents when  these  particles  are  in  the  circulation.   To  determine  whether  this 
handling  of  particles  is  normal  in  patients  with  diseases  other  than  those  of 
autoimmune  hemolytic  anemia. 

As  discussed  below  this  technique  directly  tests  the  functional  status 
of  membrane  receptors  of  cells  of  the  reticuloendothelial  or  fixed  phagocytic 
systems. 

Methods  Employed: 

These  studies  examine  the  clearance  of  radlochromated  erythrocytes  from 
the  circulation.   The  initial  studies  were  perfoinned  in  a  guinea  pig  model, 
but  almost  all  of  the  recent  studies  have  been  performed  In  human  volunteers 
or  in  patients  with  various  diseases.   In  the  initial* studies  In  humans,  the 
clearance  of  erythrocytes  coated  with  IgM  Isoagglutlnln  antibodies  was  examined. 
In  later  studies  radlochromated  erythrocytes  were  coated  with  highly  purified 
human  IgG  antl-Rh  antibodies  and  the  survival  of  these  cells  was  examined. 
The  third  general  set  of  clearance  studies  examined  the  clearance  of  radio- 
active albumin  which  had  been  aggregated.   This  Is  the  standard  method  for 
determining  RES  clearance  and  can  be  used  to  determine  both  liver  blood  flow 
and  the  activity  of  the  reticuloendothelial  system. 

Major  Findings; 

In  the  past  years  we  reported  that:   1)  The  fragment  responsible  for 
the  clearance  from  the  circulation  of  cells  coated  with  IgM  cold  agglutinin 
or  IgM  isoagglutlnln  antibody  and  complement  appears  to  be  the  fragment  C3b. 
The  cleavage  fragment,  C3b,  does  not  mediate  the  clearance  of  cold  agglutinin 
or  isoagglutlnln  sensitized  cells.  2)  The  complement  fragment  leads  to  the 
sequestration  of  the  aensltlTiPd  calls  in  the  liver.   Following  sequestration 
in  the  liver,  a  portion  of  the  cells  are  phagocytoaed  and  a  portion  of  the 
cells  are  released  back  Into  the  circulation  where  they  survive  normally  with 
the  cleavage  fragment,  C3d,  on  their  surface.   C3d  does  not  mediate  the  clear- 
ance of  these  sensitized  cells.   3)  Activation  of  complement  leads  to  C3b 
deposition.   This  site,  in  turn,  reacts  with  the  C3b  Inactlvator  leading  to 
the  formation  of  cells  coated  with  C3d.   Cells  coated  vlth  C3d  are  actually 
protected  from  destruction  within  the  circulation.   A)  A  computer  model  of 
this  clearance  reaction  was  developed  by  Dr.  John  Vierling  which  allows  one 
to  study  the  quantitative  aspects  of  this  reaction.   This  model  suggests  that 
the  activity  of  RES  cells  within  the  liver,  as  well  as  that  of  the  C3  inactl- 
vator, is  sufficient  to  explain  the  interplay  which  leads  to  clearance.  The 
model  Indicates  that  about  one  out  of  three  erythrocytes  coated  with  IgM  anti- 

2ca 


Project  No.  ZOl  AI  00048-07  LCI 

body  and  complement  is  Ingested  by  the  fixed  phagocytes  and  two  of  three  inter- 
act with  the  C3  inactivation  and  are  released  into  the  circulation  to  survive 
normally.   The  model  suggests  that  those  factors  which  we  have  previously  con- 
sidered are  sufficient  to  explain  all  of  the  phenomena  we  have  observed  and 
that  there  are  no  major  additional  factors  which  must  be  considered. 

As  part  of  these  studies  of  the  pathophysiology  of  autoimmune  hemolytic 
anemia,  we  determined  normal  values  for  the  clearance  of  C3b-coated  erythrocytes 
from  the  circulation,  for  the  clearance  of  IgG-  and  C3d-coated  erythrocytes  from 
the  circulation,  and  for  the  clearance  of  aggregated  albumin.   The  latter  is 
the  standard  method  of  testing  the  RES  clearance.   It  became  clear  that  these 
tests  were  not  only  of  interest  in  our  studies  of  the  pathophysiology  of  auto- 
immune hemolytic  anemia.   Many  diseases  appear  to  be  due  to  circulating  immune 
complexes.   In  some  diseases,  such  as  systemic  lupus  erythematosus,  these  cir- 
culating complexes  which  ordinarily  would  be  cleared  by  the  liver  are  deposited 
in  renal  tissue.   The  deposition  of  immune  complexes  with  resulting  renal  dam- 
age is  what  is  responsible  for  the  high  mortality  in  this  disease.   It  has  been 
postulated  by  many  workers  that  the  RES  of  the  liver  is  overloaded  in  patients 
with  SLE,  accounting  for  the  fact  that  the  complexes  are  not  cleared;  however, 
such  an  overload  has  never  been  demonstrated  by  the  standard  tests  of  RES  func- 
tion. 

The  techniques  we  have  developed  can  be  used  to  more  generally  define 
the  function  of  the  reticuloendothelial  system  and  its  status  in  man.   Thus, 
with  Drs.  Jones  and  Vierling,  we  studied  the  clearance  of  C3b-coated  erythro- 
cytes, Rh  IgG-coated  erythrocytes  and  aggregated  albumin  in  three  groups  of 
patients,  two  of  whom  had  putative  immunologically  mediated  diseases.   In  the 
initial  studies  we  examined  liver  diseases.   The  three  groups  of  patients 
chosen  for  study  were  patients  with  primary  biliary  cirrhosis,  chronic  active 
hepatitis,  and,  as  a  control  group,  alcoholic  cirrhosis.   There  are  those  who 
believe  that  the  first  two  groups  have  an  immunologic  basis.   Our  studies 
show  that  patients  with  primary  biliary  cirrhosis,  but  not  the  other  two  groups 
of  patients,  have  a  specific  defect  in  their  ability  to  clear  C3b-coated  par- 
ticles from  their  circulation.   Their  clearance  of  IgG-coated  particles  is,  if 
anything,  increased.   This  Inability  to  clear  Clb-coatcd  particles  is  not  a 
fund  Ion  of  Clu'  InnblMry  to  put  coraplpmpnt  on  colls,  since  the  levels  of  their 
complement  components  ate  elevated,   nius,  Wf  havt-  been  able  Lo  develop  new 
techniques  for  studying  the  reticuloendothelial  system.   It  is  clear  from  our 
studies  that  these  techniques  tests  other  functions  of  the  RES  than  does  the 
clearance  of  aggregated  albumin;  the  clearance  of  aggregated  albumin  was  nor- 
mal in  each  of  these  patients  with  primary  biliary  cirrhosis  who  had  an  abnor- 
mality in  the  clearance  of  IgM-coated  particles. 

In  cooperation  with  Drs.  Kimberly  and  Plotz,  we  then  studied  the  clear- 
ance of  Rh  IgG  antjibody-coated  erythrocytes  in  patients  with  active  systemic 
lupus  erythrocytes  who  were  receiving  no  therapy.   The  manifestations  of  this 
disease  are  believed  to  be  due  to  the  presence  of  circulating  immune  complexes. 
In  the  normal  individual  such  complexes  are  rapidly  cleared  from  the  circula- 
tion, and  we  reasoned  that  our  new  clearance  test  for  the  integrity  of  Fc 
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receptor  function  might  indicate  a  defect  in  receptor  function  in  patients  with 
this  disease.   An  important  aspect  of  this  work  was  the  development  of  a  work- 
able test  for  the  presence  of  circulating  immune  complexes.   After  almost  one 
year  of  work,  Dr.  Thomas  Lawley  working  in  our  laboratory  developed  a  suitable 
Clq  binding  assay  following  the  lead  of  Swiss  investigators.   Our  studies  of  Fc 
receptor  function  in  patients  with  SLE  have  demonstrated  that  these  patients 
do  Indeed  have  a  profound  defect  in  clearance.   This  defect  correlates  with 
disease  activity.   Patients  with  active  disease  demonstrate  the  defect;   patients 
with  inactive  disease  do  not.   Moreover,  although  the  defect  does  not  correlate 
with  certain  parameters  of  disease  activity,  such  as  the  levels  of  circulating 
complement  components,  it  is  strongly  correlated  with  the  presence  of  circulating 
immune  complexes.   Thus,  an  important  pathophysiologic  defect  in  receptor 
function  has  now  been  found  in  patients  with  this  disease,  which  may  be  of  major 
importance  in  explaining  the  reasons  why  these  patients  develop  renal  and  other 
manifestations  of  the  presence  of  circulating  immune  complexes. 

Proposed  Course; 

We  plan  to  further  extend  these  findings  to  other  diseases  and  attempt  to 
explore  how  Immunologic  clearance  defects  can  help  us  to  explain  the  basis  of 
these  diseases.  We  believe  that  we  are  testing  receptor  function  (I.e.,  the 
receptors  on  the  surface  of  phagocytic  cells  of  the  reticuloendothelial  system) 
and  that  these  tests  of  receptor  function  may  turn  out  to  be  very  valuable  ad- 
juncts for  the  study  of  diseases  in  man.   These  studies  will  be  extended  fur- 
ther to  other  diseases  in  man  in  the  next  years,  particularly  those  with  auto- 
immune or  Immunologic  basis. 

Publications: 

1.  Jaffe,  C.  J.,  Atkinson,  J.  A.,  and  Frank,  M.  M. :   The  role  of  complement 
in  the  clearance  of  cold  agglutinin  sensitized  erythrocytes  in  man. 

J.  Clin.  Invest.   58:   9A2-949,  1976. 

2.  Frank,  M.  M. :   The  effect  of  IgM  and  IgG  complement  fixing  antibodies  and 
of  complement  on  erythrocyte  survival.   In  Pollack,  W. ,  Mollison,  P.  L. , 
and  Rciss,  A.  M.  (Eds.):   An  International  Symposium  on  the  Nature  and 
Significance  of  Complement  Activation.   1977,  pp.  13-27. 

3.  Frank,  M.  M. ,  Atkinson,  J.  P.,  and  Gadek,  J.:  Cold  agglutinins  and  cold 
agglutinin  disease.   Ann.  Rev.  Med.   In  press. 

4.  l-'runk,  M.  M.  ,  JalLc.  C.    .1.,  and  Atkinson,  J.  P.:   The  role  of  antibody  and 
i-omplement  In  the  immune  clearance  of  erythrocytes  in  man.   In  First 
iaternational  Symposium  on  Clinical  Aspects  of  the  Complement  System.   In 
press. 

5.  Frank,  M.  M. ,  Schreiber,  A.  D. ,  Atkinson,  J.  P.,  and  Jaffe,  C.  J.:   Patho- 
physiology of  autoimmune  hemolytic  anemia.   Ann.  Intern.  Med.   In  press. 

6.  Atkinson,  J.  P.  and  Frank,  M.  M. :   The  interaction  of  complement  with  cells 
of  hematologic  interest.   Progress  in  Hematology  In  press. 
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mouse  and  guinea  pig.   Determinant  select  Ii>n  by  in.ic-i()ph,ij',ch;  luncL  i  nn.i  1  ly  di'scribe 
Ir  gene  control  of  antigen  recognition  by  T  Lymphocytes  in  (.'xperimental  animals. 
A  understanding  of  the  operation  of  a  similar  mechanism  in  man  may  have  implica- 
tions in  the  pathophysiology  of  insulin  allergy  in  diabetics. 
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Project  Description: 
Ob^jectlves: 

1)  To  characterize  in  a  quantitative  and  qualitative  fashion  the  role  of 
macrophages  and  lymphocytes  in  a  variety  of  ^  vitro  correlates  of  aellylar 
and  humoral  immunity  sucli  as  antigen-dependent  lymphocyte  proliferation  and 
generation  of  antigen  specific  plaque  formation. 

2)  To  study  in  experimental  animals  the  mechanism  of  lymphocyte 
antigen  recognition  using  defined  antigens  such  as  insulin. 

3)  Characterize  the  role  of  macrophage-lymphocyte  interaction  in 
regulation  of  antigen  recognition  by  thymus-derived  and  bone-marrow  derived 
lymphocytes. 

4)  To  study  the  cellular  and  molecular  basis  of  the  genetic  control  of 
immune  responsiveness  and  the  role  of  surface  membrane  determinants  in  cell 
cooperation. 

Methods  Employed: 

1)  Determination  of  DNA  synthesis  of  mouse  and  guinea  pig  lymphocyte 
populations  with  and  without  addition  of  antigen  by  4  hour  pulse  of  H-TdR 
incorporation.   Results  assayed  by  either/or  both  autoradiography  or  liquid 
scintillation  spectrometry. 

2)  Preparation  and  isolation  of  partially  purified  population  of 
lymphocytes  from  oil -injured  peritoneal  exudates  nr  regional  draining  nodes 
subsequent  (2-4  weeks)  to  immunizat  ion  of  Inbred  strain  2  and  13  guinea  pigs 
with  chumically  defined  anLlgona  such  as  horHc  upleen  lerritin,  horseradish 
peroxidase  or  hapten  protein  conjugates. 

3)  Column  purification:   Peritoneal  exudate  cells  (PEC)  or  lymph  node 
cell  suspensions  were  passed  over  glass  bead  columns  and  incubated  at  37 "C  for 
one  hour.   Cells  were  then  eluted  with  10%  guinea  pig  sera  in  minimal  essential 
Eagle's  media  and  the  recovered  cells  studied. 

4)  Preparation  of  macrophage-rich  oil-induced  peritoneal  exudate  cells. 

5)  Binding  of  lymphocytes  to  a  macrophage  receptor  can  be  assessed  both 
in  the  presence  and  absence  of  antigen.   Monolayers  of  guinea  pig  macrophages 
are  prepared  by  adherence  of  monocyte-macrophages  from  oil-induced  peritoneal 
exudates  to  Lab-tek  tissue  culture  cliamber  slides.   After  removal  of  non- 
adherpiit  cells,  7xJ0   lymphoeytes  are  added  to  pllhrr  eontrol  or  .'inr-lRPn 
pulsed  monolayers  for  varying  periods  of  time,  after  which  the  non-macrophago 
bound  lynipliocy  Lcs  are  reiauvc^d  by  washing  and  the  monolayer  t  Ixed  wltli  1% 
glutera  Ideliydi'  lor  light  or  elecLron  microscopic  aii^ilysls. 
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h)      The  uptake  (iiul  Tnta  in  cultiiri'  of  solubli'  proioln  Miitlgt'iis  is  ln>  I  ii^, 
Htiidlril  riiiHl  loiui  I  ly  liy  miitubolJ-Bm  und  co.lluiar  localization. 

7)  Anaay  of  the  mixed  leukocyte  reaction  (MLK)  by  assay  of   M-l'dR 
incorporation  occurring  when  cells  from  a  variety  of  strain  2  and  13  guinea 
pig  lymphoid  tissues  are  mixed  and  cultured  for  5-7  days  In  vitro. 

8)  Carrier  and  hapten  specific  plaque  forming  cell  assays  by  the  assay 
Jerne, 

Major  Findings: 

A.    Background  Information 

It  is  generally  recognized  that  macrophages  facilitate  a  variety  of  in 
vitro  thymic-dependent  immunological  phenomena  in  the  mouse,  guinea  pig,  and 
man.   We  have  analyzed  the  cellular  and  molecular  events  which  underlie  their 
function.   Antigen  specific  activation  of  mediator  production  and  clonal 
expansion  of  T- lymphocytes  requires  the  presence  of  macrophages,  and  the 
effects  of  macrophages  in  such  activation  extend  beyond  maintenance  of  in 
vitro  culture  conditions.   Indeed  in  the  guinea  pig,  one  can  clearly  demon- 
strate that  recognition  of  soluble  protein  antigens  by  the  T  lymphocyte 
requires  an  initial  uptake  of  antigen  by  the  macrophges. 

By  contrast  the  role  of  macrophages  in  stimulation  of  B  lymphocytes  by 
specific  antigen  differs  significantly  from  that  played  for  T  cell  activation. 
Macrophages  suppress  proliferation  of  B  cell  populations  depleted  of  T  lym- 
phocytes.  Indeed  proliferation  of  B  cells  appears  to  be  more  specifically 
under  the  Influence  of  soluble  factors  elaborated  by  T  cells  subsequent  to 
antigen-specific  activation. 

The  biologic  constraints  inherent  in  a  two  cell  immunogenic  recognition 
unit  are  clear.   It  is  necessary  to  define  both  the  cellular  and  immunological 
specificity  of  thiw  requirement  for  macrophaj'.es .   In  llie  simplest  exper  imeiu  s , 
tile  pro!  I  for  at  ivf  rapacity  of  populations  nT  lymphi>ld  cells  depleted  of  ra.uio- 
phagea  are  rewtored  by  adherent  cells  but  not  by  lymphocytes,  granulocytes,  oi 
fibroblasts.   This  requirement  for  macrophages  in  T  cell  antigen  recognition 
is  not  dependent  on  the  immune  state  of  the  animal  from  which  the  macrophage 
was  obtained,  although  macrophages  and  lymphocytes  must  share  genetic  identity 
at  some  portion  of  the  major  histocompatibility  complex  (MHC)  for  successful 
detection  of  the  antigenic  signal  borne  by  the  macrophage. 

The  role  of  macrophages  in  antigen  specific  proliferation  in  the  mouse 
has  also  been  examined.   Our  data  indicate  that  unlike  the  guinea  pig 
macrophage-dependent  support  of  the  proliferation  of  lymph  node  lymphocytes 
is  not  restricted  to  syngeneic  macrophages.   Efforts  to  resolve  this  apparent 
paradox  are  currently  under  investigation. 
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Is  macrophage  lymphocyte  interaction  a  general  requirement  for  all  T-cell 
activation  or  do  these  associations  function  solely  in  the  recognition  of  cell 
bound  and  soluble  protein  antigens?  In  work  done  by  our  section,  the  response 
of  T-cells  to  PHA  was  shown  to  also  require  accessory  cells;  but  unlike  the 
macrophage  requirement  for  soluble  protein  antigen  recognition,  their  function 
can  be  replaced  by  fibroblasts  or  increased  cell  density. 

It  now  becomes  crucial  to  establish  the  nature  of  antigen  uptake  processes 
/ind  the  phyHic/il  Htatu  of  macrophuge-aHHOi' luted,  metabol  Ijr.od  antigen.   Studies 
In  our  auction  Imve  almwu  that  Cytochalaaln  R,  an  agent  active  against  a 
variety  of  membrane  functions  and  which  blocks  plnocytosls,  does  not  effect 
uptake  of  immunologically  relevant  protein.   Trypsinization  of  macrophages 
pulsed  with  antigen  at  4°C  removes  all  Immunological  activity  without  altering 
the  ability  of  such  cells  to  take  up  new  antigens.   If,  however,  trypsinization 
is  delayed  by  prior  culture,  pulsed  macrophages  become  progressively  resistant 
to  the  effects  of  trypsinization  such  that  by  120  minutes  the  macrophages 
immunologic  potential  is  unaltered. 

Macrophage  lymphocyte  interaction  may  occur  either  indirectly  via  the 
secretion  of  antigen  complexed  to  soluble  macrophage  factors  cytophilic  for 
lymphocytes  or  via  direct  cell  interaction.   Our  section  has  shown  at  least 
two  types  of  physical  interactions  to  take  place.   The  first  occurs  rapidly, 
is  independent  of  the  presence  of  antigens,  and  is  without  immunologic  commit- 
ment.  This  step  requires  active  macrophage,  metabolism,  divalent  cations,  and 
involves  a  trypsin  sensitive  macrophage  site.   This  binding  does  not  distinguish 
T  or  B  cells  and  is  reversible  such  that  at  any  given  time  binding  represents 
an  equilibrium  between  cellular  association  and  dissociation.   When  this  step 
has  brought  specifically  immune  lymphocytes  into  apposition  with  antigen 
bearing  macrophages,  a  second  type  of  binding  results.   This  latter  phenomenon 
la  dependent  upon  the  presence  of  antigen  and  a  sharing  on  lymphocyte  and 
macrophage  of  histocompatibility  linked  gene  products.   This  association  is 
not  easily  reversed  and  eventuates  in  proliferation  of  the  bound  lymphocyte. 

The  use  of  antigens  under  control  of  dominant  H-linked  genes  and  specific 
alloantisera  which  recognize  cell  associated  antigenic  determinants  which  are 
also  products  of  H-linked  genes  provide  useful  biological  probes  of  the  function 
and  cellular  location  of  molecules  which  play  critical  but  incompletely  defined 
roles  in  the  T  lymphocyte  antigen  selection  or  activation  process.   Alloantisera 
block  the  antigen  response  controlled  by  an  IR  gene  linked  to  the  gene  coding 
for  the  alloantigen,  but  had  little  effect  on  the  antigen  response  controlled 
by  an  Ir  gene  which  is  the  product  of  the  opposite  haplotype.   The  inhibitory 
activity  of  the  alloantisera  was  initially  presumed  to  be  directed  solely 
against  the  proliferating  T-lymphocyte.   However,  the  central  role  of  the 
macrophage  in  the  activation  of  T-cell  proliferation  suggests  that  an  alter- 
native site  for  the  inhibitory  effect  of  the  alloantisera  might  be  on  the 
macrophage  Itself  by  blockade  of  the  physical  and/or  functional  interaction  of 
the  macrophage  and  T  ceil.   Unfortunately  experiments  which  attempt  to  define 
the  cellular  site  of  action  of  Llie  alloantisern  using  combinations  of  antigen 
pulsed  macrophages  and  T  cells  are  not  possible  because  efficient  interaction 
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of  macrophage  associated  antigen  and  T  cell  is  only  seen  when  the  macrophage 
and  'J'  tell  share  identity  of  gene  products  linked  to  the  guinea  pig  MHC. 

There  are,  however,  a  number  of  special  conditions  in  which  a  macrophage 
may  "paradoxically"  induce  allogeneic  lymphocyte  proliferation.   These  cir- 
cumstances are  rather  revealing  situations 5  in  that  they  clearly  shown  that 
the  failure  to  recognize  soluble  protein  antigens  bound  to  allogeneic 
macrophages  is  not  a  primary  inability  of  such  cells  to  present  signals 
but  may  instead  reflect  a  basic  feature  of  antigen  handling  by  macrophages. 

Our  lab  has  shown  guinea  pig  macrophages  to  be  very  effective  stimulators 
of  allogeneic  lymphocyte  proliferation.   Thus  soluble  proteins  may  be  displayed 
in  an  immunologically  relevant  fashion  only  on  syngeneic  macrophages;  whereas 
in  the  MLR,  it  is  the  histoincompatible  macrophage  that  induces  T  cell 
prolif eration^  again  suggesting  that  the  critical  difference  lies  in  the 
display  of  alloantigen  as  opposed  to  that  of  foreign  proteins. 

In  another  model  system,  chemical  alteration  of  the  macrophage  depleted 
lymphocyte  or  macrophage  plasma  membrane  glycoproteins  by  treatment  with 
either  sodium  metaperiodate  or  neuraminidase  galactose  oxidase  generates  free 
aldehyde  groups  on  terminal  sugar  moieties.   Subsequent  and  rather  massive 
lymphocyte  proliferation  will  occur  if  and  only  if  modified  lymphocyte  is 
combined  with  unmodified  macrophages  or  modified  macrophages  are  combined  with 
unmodified  lymphocytes.   Moreover,  proliferation  will  occur  irrespectively  of 
the  histocompatibility  difference  between  the  macrophage  and  lymphocyte. 
These  latter  observations  have  led  us  to  suggest  that  immune  recognition  may 
in  fact  consist  of  at  least  two  separate  but  linked  events.   The  first  phase 
of  this  interaction  involves  the  selective  binding  of  antigen  specific  T  cells 
by  macrophages  bearing  that  antigen.   The  second  or  "activation"  phase  of 
macrophage  lymphocyte  interaction  is  a  relatively  nonspecific  event  which 
follows  as  a  consequence  of  stabilization  of  physical  macrophage  lymphocyte 
interaction  initiated  by  the  antigen  specific  selection  process. 

Based  on  the  results  of  studies  pursued  in  our  section,  models  for  the 
role  of  the  macrophage  in  genetic  control  of  T  cell  responses  to  soluble 
protein  antigens  must  consider:   1)  an  antigen  specific  receptor  on  the  T 
cell,  2)  cellular  interaction  structures  identical  to  or  closely  linked  to  the 
alloantigens,  3)  the  IR  gene  product  functioning  either  as  the  specific  T  cell 
receptor  or  as  an  auxiliary  antigen  recognition  molecule  on  the  macrophage 
and/or  T  cell,  4)  antigen  bound  to  metabolically  intact  macrophages  in  a  form 
roslstntit  to  proteolytic  treatment  and  located  in  a  cellular  site  not  availablfe 
Lo  apucific  auLlbody,  and  3)  a  macrophagi'  associaLed  noaspt'cif ii-  membrani' 
trigger  sice  or  secretory  product  as  suggested  by  the  activation  of  aldehyde 
treated  lymphocytes  by  normal  macrophages. 

At  present,  our  section  favors  the  hypothesis  which  states  that  a  given 
macrophage's  repertoire  of  IR  gene  products  function  to  specify  determinant 
selection.   Possible  mechanisms  by  which  tlie  interaction  of  antigen  with  the 
1J<  gtMie  product  could  si'lcct  determinant  specificity  are  as  follows: 
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1)  Enzymatic  -  The  IR  gene  product  is  an  enzyme  of  relative  broad 
specificity  such  as  a  protease  which  destroys  only  those  polypeptide  sequence 
towards  which  it  has  reactivity. 

2)  Conformational  -  The  IR  gene  product  alters  the  tertiary  structure  of 
the  antigen  itself  so  as  to  display  selected  regions  of  the  polypeptide  to  the 
T  cell. 

3)  Rt'ccptor  I'reac'iitmloii  -  'IIiIh  would  require  that  certain  similar 
existing  amino  acid  Hociuences  or  conformations  In  a  complex  antigen  be  recog- 
nized by  IR  gene  products.   Such  receptor  molecules  would  possess  specific 
binding  properties  akin  to  that  of  the  binding  site  of  a  proteolytic  enzyme 
but  would  differ  from  the  enzymatic  model  in  that  no  selective  degradation  of 
the  antigen  occurs.   The  function  of  such  class  specific  antigen  binding 
molecules  would  be  to  orient  or  display  those  regions  of  the  polypeptide 
antigen  not  bound  to  the  receptor. 

B,  Genetic  Control  of  the  Immune  Response  to  Insulin  in  the  Guinea  Pig 
(Barcinski  and  Rosenthal) 

Genetic  control  of  immune  responsiveness  to  both  synthetic  and  natural 
polypeptide  antigens  has  been  found  in  experimental  animals.   Unfortunately 
absolute  demonstration  of  such  phenomenon  in  man  has  not  been  possible  because 
of  the  limited  number  of  ethical  antigens  which  can  be  used  in  man  and  their 
lack  of  defined  physical  structure.   One  antigen  which  might  be  of  significant 
potential  in  such  studies  is  insulin.   Beginning  with  studies  in  inbred  Strain 
2  and  13,  we  have  found  that  cellular  and  humoral  immune  responsiveness  of 
distinct  regions  of  the  molecule  are  under  control  of  histocompatibility- 
linked  genes.   Strain  2  guinea  pig  T  cells  (as  measured  by  proliferation  or  T 
cell  help)  recognize  a  determinant  consisting  of  amino  acids  6-11  of  the  A 
chain  (a  loop)  while  Strain  13  guinea  pig  T  cells  recognize  a  region  in  the 
insulin  B  chain.   Nonetheless,  the  determinants  recognized  by  antibody  generated 
in  both  strains  predominantly  recognize  shared  determinants. 

C.  Determinant  Selection:   A  Macrophage  Ir  Gene  Function  (Rosenthal, 
Barcinski,  Blake) 

Althougli  Immune  specificity  is  traditionally  considered  a  lymphocyto 
function,  observations  from  the  above  as  well  as  other  studies  suggest  an 
Interpretation  that  rlio  macrophage  has  some  discr fmlnntory  function  in  the 
antigen  recognition  process. 

We  thus  assessed  the  function  of  macrophages  in  Ir  control  taking  advantage 
of  the  capacity  of  T  cells  from  insulin  immunized  F,  (2  X  13)  guinea  pigs  to 
respond  to  antigen  bearing  parental  macrophages.   We  reasoned  as  follows: 

If  Ir  gene  function  operates  exclusively  at  the  level  of  the  responding 
lymphocyte,  both  determinants  should  be  simultaneously  recognized  by  F-.  T  cells 
independently  of  which  parental  macrophage  is  "presenting"  the  antigen. 
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Conversely,  if  the  definition  of  which  determinant  is  actually  recognized 
depends  on  the  genetic  profile  of  the  antigen  presenting  macrophage,  then  IR 
gene  function  must  also  be  operating  at  this  cell  level.   The  data  favor  the 
latter  assumption.   Indeed  our  studies  of  the  immune  response  to  insulin,  raise 
the  possibility  that  a  selected  amino  acid  sequence  and/or  conformation  within 
the  antigen  itself  is  seen  by  the  T  cell  receptor.   Generation  or  display  of 
such  antigenic  determinants  would  thus  be  a  function  of  immune  response  genes 
operating  at  the  level  of  the  antigen  presenting  cell.   Two  general  mechanisms 
by  which  macrophages  might  subserve  such  a  function  may  be  proposed.   One 
possibility  is  that  immune  response  genes  define  a  class  of  receptors  or  broad 
specificity  which  recognize  molecular  shape  and  thus  have  the  unique  ability 
to  focus  or  orient  distinct  regions  of  the  antigen  for  presentation  to  the  T 
cell.   A  second  possibility  is  that  immune  response  gene  products  are  or 
regulate  the  activity  of  families  of  enzymes  which  modify  or  metabolize  poly- 
peptide antigens.   In  this  latter  situation,  the  repertoire  of  IR  genes 
associated  with  a  given  haplotype  would  define  restricted  areas  of  the  molecule 
as  available  for  display  to  the  T  cell  receptor.   Experiments  to  distinquish 
these  possibilities  are  in  progress. 

D.  Role  of  Adherent  Cells  In  Murine  T  Cell  Antlgon  Rucognlticm  (Rosenwasser 
and  Rosenthal) 

The  cellular  requirements  for  murine  T  cell  antigen  recognition  are  less 
well  understood  and  were  therefore  evaluated  in  an  adherent  cell  dependent  in 
vitro  assay.   The  immune  response  of  sensitized  T  cells  to  complex  multideter- 
rainant  soluble  protein  antigens  such  as  dinitrophenylated  ovalbumin  is  dependent 
on  the  production  of  a  soluble  factor  which  is  not  antigen  specific  nor  H-2 
related  in  that  adherent  cells,  regardless  of  haplotype  produce  factor  indepen- 
dent of  the  presence  of  antigen.   Mouse  lymphocytes  do  not,  however,  respond 
to  supernates  of  either  guinea  pig  macrophages  nor  fibroblast,  indicating  the 
existence  of  species  and  cell  type  specificity.   By  contrast  the  adherent  cell 
requirement  for  T  cell  proliferation  to  the  synthetic  terpolymer  L-glutamlc 
acid,  L- lysine,  L-tyrosine  (GLT^^) ,  an  antigen,  the  response  to  which  is  under 
specific  Ir  gene  control,  necessitated  identity  or  partial  identity  at  the 
major  hl.sl  ocompat  Ibl  1  1 1  y  complex  between  macrophnRc  nnd  primed  T  i-ell  . 

E.  Di'terminrtnt    SpHrlflc   Suppression  of    tlio.    Immune   Rfrtponse    (llaskln  and 
Rosenthal) 

Prior  (7-21  days)  immunization  of  guinea  pigs  with  multideterminant  or 
defined  protein  antigens  in  Incomplete  adjuvant  leads  to  specific  unresponsive- 
ness only  to  that  antigen  but  not  to  an  irrelevant  antigen.   This  suppression 
was  studied  in  the  insulin  model  system  using  2,  13  and  F,    (2  X  13)  guinea 
pigs.   As  with  help  and  proliferation  following  classic  CFA  plus  insulin  Immu- 
nization, specific  unresponsiveness  is  determinant  specific.   More  importantly 
suppression  can  be  transferred  to  normal  animals  by  cells  but  not  by  serum. 
The  precise  character  of  the  suppressor  cell  and  its  mechanism  of  action  is 
under  further  study. 
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StgnlFlcancu  to  BloinedU-.aJ  Research  and  the  P rogram  of  the  Institute : 

The  iharacterl;iaLJon  oT  the  immune  responsiveness  uL'  thymus-dcr  1  vcd 
lymphocytes  should  provide  a  useful  system  for  study  of  the  role  of  the  cellular 
immune  effector  cells  in  immunologic  surveillance  and  their  contribution  to 
the  humoral  limb  of  host  defenses.   Tumor  immunity  and  transplantation  immunity 
have  been  shown  to  rely  to  a  great  extent  upon  mechanisms  of  cellular  immune 
function  such  as  cytotoxicity  and  elaboration  of  other  so-called  "soluble 
mediators".   A  more  fundamental  understanding  of  the  immunobiology  of  these 
crucial  events  may  provide  new  insights  into  immune  competence  in  man  and 
information  on  the  mechanisms  of  cellular  regulation  of  immune  responsiveness. 
Potential  approaches  to  therapeutic  manipulation  of  such  events  would  be  of 
immediate  clinical  relevance. 

PrujioaeU  Courae: 

1)  Characterize  the  nature  of  macrophage  associated  antigen. 

2)  Develop  in  the  mouse  assays  for  antibody  formation  using  antigens  of 
restricted  heterogeneity  such  as  insulin. 

3)  Establish  in  the  guinea  pig  and  mouse  models  of  antigen  specific 
suppression  and  explore  the  Influence  of  MHC  and  non-MHC  gene  products  on 
such  phenomenon. 

4)  Assess  Immune  response  to  insulin  in  man  and  define  the  presence  or 
absence  of  IR  gene  control. 
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Hereditary  angloedema  is  a  disease  Inherited  as  an  autosomal  dominant,  character- 
ized by  abnormalities  of  a  serum  protein,  the  CI  esterase  inhibitor.   We  showed 
that  danazol  corrected  the  condition  in  patients  with  low  levels  of  the  protein 
as  well  as  In  patients  with  a  protein  which  is  present  but  not  functionally 
active.   Almost  all  of  the  patients  receiving  danazol  develop  near  normal  levels 
of  CI  esterase  inhibitor  protein.   Thus,  the  drug  appears  to  induce  gene 
synthesis  of  this  protein  and  suggests  that  these  patients  have  at  least  one 
gene  capable  of  normal  function.   This  tends  to  clarify  the  genetic  basis  of 
tls  disease  and  provides  one  of  the  first  examples  pf  correction  of  a  genetic 
defect  with  drug  therapy.   Studies  on  the  biochemical  basis  of  this  disorder 
as  well  as  on  various  aspects  of  therapy  continue. 
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Project  Description: 

Objectives: 

The  general  objective  of  this  program  has  been  to  define  the  role  of 
complement  in  human  Illness  and  to  develop  better  methods  of  therapy  for  immune 
damage  mediated  by  complement.   As  in  the  past  year  major  emphasis  was  placed 
on  our  studies  with  patients  with  hereditary  angioedema.   This  illness,  which 
carries  a  high  mortality  rate,  is  particularly  useful  for  study  since  it  can 
serve  as  a   model  for  complement-mediated  immune  damage  in  man  and  as  a  model  for 
the  Mtudy  of  genetically  controlled  autosomal  dominant  diseases. 

Methods  Employed: 

Purified  complement  components  are  prepared,  and  antisera  to  various 
complement  components  and  component  inhibitors  are  used  for  estimation  of  com- 
ponent levels  in  human  sera  and  other  body  fluids.   Double-blind  therapeutic 
studies  are  employed  to  test  new  methods  of  therapy  in  patients.   Patients  on 
experimental  drug  protocols  are  followed  to  determine  signs  of  toxicity. 

Major  Findings: 

In  1972,  our  group  reported  the  first  double-blind  study  of  treatment  of 
patients  with  hereditary  angioedema  with  epsilon  aminocaproic  acid  (EACA) .   We 
showed  that  this  antif ibrinolytic  drug  was  effective  in  therapy  of  this  disease 
and  became  the  major  group  following  patients  on  this  mode  of  therapy.   We 
found  that  this  drug  was  fairly  effective  in  treating  these  patients.   However, 
a  group  of  patients  had  significant  side  effects  including  neuromuscular  weak- 
ness and  muscle  aches  and  pains.   Last  year,  we  studied  a  newly  developed,  very 
weak  androgen,  danazol.   This  drug,  a  gonadotropin  inhibitor,  was  developed  for 
the  treatment  of  endometriosis  in  women  and  as  an  oral  contraceptive.   It  is 
thought  to  have  minimal  toxicity  aside  from  its  hormonal-mediated  effects.   Its 
androgenic  activity  is  about  1/100  that  of  methyltestosterone.   A  double-blind 
study  of  danazol  therapy  was  completed.  A  total  of  nine  patients  were  studied  on 
this  drug — five  women  and  four  men.   The  drug  was  shown  to  be  extremely  effective 
in  the  therapy  of  hereditary  angioedema.   In  fact,  in  approximately  88  double- 
blind  courses  of  drug  or  placebo  of  which  about  half  were  courses  of  drug,  only 
one  attack  was  seen.  This  is  In  contrast  to  41  attacks  of  hereditary  angioedema 
seen  in  this  group  of  patients  during  44  courses  of  placebo  therapy.  When  sera 
from  these  patients  were  examined  for  the  level  of  the  CI  esterase  inhibitor  and 
C4,  a  striking  observation  was  made.   The  CI  esterase  inhibitor,  a  protein  whose 
levels  are  depressed  in  patients  with  this  disease  due  to  a  genetic  abnormality 
in  their  ability  to  synthesize  the  protein,  was  found  to  show  striking 
increases.   In  fact,  in  more  than  half  of  the  patients  the  level  of  this  protein 
increased  to  normal  or  supranormal  levels.   Concomitant  with  the  Increase  in  the 
CI  esterase  inhibitor  the  C4  level  rose  an  average  of  fifteen-fold,  returning  to 
normal  in  most  of  the  patients.   Thus,  this  drug  provides  not  only  effective 
therapy  of  hereditary  angioedema  but  reverses  a  genetically  controlled  bio- 
chemical abnormality.   In  the  past  year  this  study  was  extended  to  the  careful 
examination  of  the  effect  of  this  drug  on  a  subgroup  of  patients  with  hereditary 
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angioedema.   This  subgroup  is  composed  of  patients  who  synthesize  the  missing 
protein,  the  CI  esterase  inhibitor,  but  synthesize  a  variant  protein  with  no 
functional  activity.  Careful  examination  of  the  serum  of  these  patients  showed 
that  three  different  phenotypes  could  be  defined  on  the  basis  of  the  response  to 
danazol.   The  most  common  type  was  represented  by  the  presence  of  a  large  amount 
of  albumin  bound  CI  esterase  inhibitor  protein,  the  second  by  a  varient  protein 
of  normal  electrophoretic  mobility.   A  third  phenotype  was  represented  by  a 
single  patient  with  an  electrophoretically  slow  variant  protein.   All  patients 
were  cured  by  danazol.   The  first  two  groups  of  patients  showed  synthesis  of  the 
normal  CI  esterase  inhibitor  protein  as  well  as  the  abnormal  protein.   No  sero- 
logic changes  were  noted  in  the  one  patient  with  the  third  type  of  variant 
protein.   Thun,  meat  pot  tents  with  this  disease,  either  with  the  normal  or 
variant  protein  variety,  have  the  genetic  machinery  for  synthesizing  the  normal 
protein.   Danazol  appears  to  increase  the  synthetic  rate  of  the  protein.   To 
formally  prove  this  hypothesis,  turnover  studies  of  CI  INH  protein  are  required 
and  these  are  currently  in  progress.   For  these  studies  new  methods  for  the 
purification  of  functionally  fully  active  CI  esterase  inhibitor  have  been  devel- 
oped. 

In  cooperation  with  the  American  Red  Cross,  we  have  begun  testing  of  a 
partially  purified  CI  esterase  inhibitor  preparation  which  is  free  of  complement 
components.   This  preparation  may  prove  useful  in  the  treatment  of  acute  attacks 
of  this  disease.   At  present,  there  is  no  reliable  method  for  preventing  attacks 
once  they  have  begun.   Fresh  plasma  has  been  advocated  for  the  treatment  of  HAE, 
but  plasma  contains  large  quantities  of  complement  components.   These  are  de- 
pleted in  patients  during  attacks  of  HAE,  and  their  sudden  infusion  could  make 
the  acute  attack  more  severe.   The  Red  Cross  preparation  is  free  of  complement 
components  and  does  not  have  this  objection  to  its  use.   Thus  far,  we  have  shown 
that  the  new  Red  Cross  preparation  corrects  the  biochemical  serum  abnormality 
in  HAE  patients.   We  will  begin  studies  of  its  usefulness  In  treating  attacks 
in  the  near  future  as  the  material  becomes  available. 

There  Is  now  great  interest  in  the  therapeutic  usefulness  of  danazol  in 
a  wide  variety  of  genetic  abnormalities  due  to  its  ability  to  augment  suboptiraal 
gene  synthesis  of  some  proteins.   With  Dr.  Crystal  and  his  colleagues,  we  have 
studied  patients  with  al-antltrypsin  deficiency.   These  studies  have  shown  a 
50%  increase  in  this  protein  In  all  patients  treated.   However,  it  appears 
likely  that  this  increase  will  not  be  sufficient  to  cure  this  disease.   Studies 
of  the  usefulness  as  well  as  toxicity  of  this  drug  are  continuing. 

Proposed  Course; 

As  discussed  above  these  studies  are  being  continued  to  provide  further 
information  on  the  biochemical  basis  of  these  diseases  and  on  therapy. 
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Th(>  Ronernl  nrens  of   Plilmomvr^  hoBt  defense  and  nosocomlnl  tnfec_t1^n  are  being 
investigated,  using  Pseudomonas  aeruginosa  infection  as  the  prototype  because  of 
Its  frequent  occurrence  in  Immunosuppressed  patients.   Specific  (immune)  and  non 
specific  pulmonary  host  defenses  are  being  investigated,  including:   1)  the  de- 
velopment of  cell-mediated  immunity  against  Pseudomonas  antigens,  2)  activation 
of  alveolar  macrophages  by  cell-mediated  immune  mechanisms  and  non-specific  (ad- 
juvant) mechanisms,  and  3)  recruitment  of  granulocytes  into  the  lung  by  bacterial 
products  and  alveolar  macrophage  derived  chemo tactic  factor.   Noscomial  infection 
is  being  studied  concurrently  In  immunosuppressed  animals  with  emphasis  on  protec 
tion  against  death  by  passively  transferred  antibody  against  a  "cross-protective' 
core  antigen,  OEP.   The  efficacy  of  this  vaccine  is  being  investigated  in  the 


hope  of  future  clinical  use  in  human  subjects. 
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Project  Description: 

Objectives : 

Pseudomonas  aeruginosa  is  a  serious  opportunistic  bacterial  pathogen  for  pa- 
tients with  impaired  host  defense  mechanisms,  particularily  patients  with  he- 
matologic malignancies  or  patients  receiving  immunosuppressive  therapy  for 
various  neoplastic  or  other  systemic  diseases.   Also,  patients  with  extensive 
thermal  injury  or  structural  lung  disease,  particularily  those  who  require 
assisted  ventilation,  are  at  high  risk  to  develop  Pseudomonas  infection. 
Pseudomonas  colonization  of  the  respiratory  tract  and  subsequent  pneumonia  is 
associated  with  a  high  mortality  despite  approprate  antibiotic  treatment.   An 
Important  approach  to  Improved  treatment  of  Pseudomonas  pulmonary  infection 
is  that  of  immunological  prophylaxis  through  the  development  of  specific  anti- 
Pseudomonas  immunity  in  the  serum  (humoral  antibody)  and  in  the  respiratory 
tract  (local  antibody  and  local  cell-mediated  immunity).   Specific  antibody 
may  help  prevent  bacteremia  and  endotoxemia,  and  assist  the  lung's  cellular 
defense  mechanism  (alveolar  macrophages)  by  enhancing  phagocytosis  of  the 
Pseudomonas.   Cell-mediated  immunity  to  Pseudomonas  antigens  in  the  respira- 
tory tract  may  be  of  value  in  "activating"  the  alveolar  macrophages  and  en- 
hancing both  phagocytosis  and  intracellular  killing  of  Pseudomonas.   Currently 
available  Pseudomonas  vaccines  (lipopolysaccharldes)  are  of  limited  value  be- 
cause of  their  toxocity  and  the  presence  of  mulltple  immunotypes  which  Lack  a 
cross-reacting  antigen.   The  recent  description  of  a  common-protective  anti- 
gen, OEP  (a  "core  antigen"  common  to  all  Immunotypes  of  Pseudomonas)  prompted 
use.  to  investigate  the  use  of  this  antigen  in  both  himioral  and  cell-mediated 
immunity  nguinst  Pseudomonas  in  normal  and  immunosuppressed  experimental 
uuliualti. 

The  mechanisms  of  recruitment  of  granulocytes  into  the  lung  in  rt'sponse  to  pul- 
monary infection  is  little  understood.   We  have  been  investigating  the  recruit- 
ment of  granulocytes  into  the  respiratory  tract  in  response  to  bacterial  pro- 
ducts in  normal  animals  and  granulocytopenic  animals  receiving  granulocyte 
transfusion  therapy.   The  characteristics  of  an  alveolar  macrophage  derived 
chemotactic  factor  for  granulocytes  has  been  studied. 

Methods  Employed: 

Animals  are  vaccinated  with  a  variety  of  monovalent  Pseudomonas  vaccines:   11- 
poplysaccharide  or  "core  antigen"  -  OEP.   Hemagglutinating  antibodies,  total 
titers  and  2-mercaptoethanol  resistant  (IgG)  titers  are  measured.   Isolation 
and  purification  of  IgG  and  IgM  antibodies  is  carried  out  using  standard  con- 
centration and  separation  techniques,  including  ion-exchange  chromatography. 
Protein  concentrations  are  quantitated  by  radial  immunodiffusion  precipitation 
technqiues.   Alveolar  macrophages  are  obtained  from  normal  and  immunosuppressed 
animals  by  bronchoalveolar  lavage  and  established  in  tissue  culture  monolayers 
with  well  described  techniques.   Macrophage  "activation"  is  studied  in  vitro  ;by 
nddition  of  Pseudomonas  products,  LPS  or  OEP,  or  synthetic  adjuvants  such  as 
muramyl  dipeptide  (MDP) .   Activation  of  alveolar  macrophages  by  soluble  pro- 
ducts (lymplioklncs)  of  stimulated  lymphocytes  is  studied  in  vitro  by  standard 
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techniques.   Alveolar  macrophage  chemotactic  factor  Is  obtained  by  activation 
of  the  macrophages  by  surface  contact  or  phagocytosis  of  killed  staphylococci.; 
Chemotactic  factor  is  purified  by  gel  filtration  and  assayed  by  the  leading 
front  assay  in  Boyden  chambers.   Recruitment  of  granulocytes  into  the  lung  is 
studied  in  experimental  animals  by  aerosolization  of  chemotactic  factors  into 
the  lung  and  quantification  of  different  cell  types  in  the  bronchoalveolar  la- 
vage fluid.   Chemotactic  factors  derived  from  bacterial  (LPS),  serum  (comple- 
ment component  C5a) ,  or  synthetic  peptides  (formyl-methionine  peptides)  are 
used.   Nosocomial  Pseudomonas  Infection  is  studied  in  an  established  leukopenic 
dog  model.   Dogs  are  rendered  leukopenic  by  total  body  gamma-irradiation  or 
Intravenous  cyclophospamide  and  challenged  with  intra-bronchial  instillation 
or  intravenous  injection  of  a  lethal  number  of  Pseudomonas  bacteria. 

Major  Findings: 

Alveolar  macrophages  have  been  obtained  from  normal  and  chronically  immunosup- 
pressed  (cytoxan  treated)  canines.   Studies  on  the  effect  of  chronic  immuno- 
suppression on  the  number  and  phagocytic  and  bactericidal  functions  of  alveolar 
macrophages  are  still  in  progress. 

"Activation"  of  alveolar  macrophages  by  bacterial  lipoplysaccharldes,  OEP,  and 
synthetic  adjuvants,  such  a  muramyl  dlpeptide  (MDP)  is  currently  being  studied 
in  vitro  by  assessment  of  phagocytic  and  bactericidal  function.   In  preliminary 
studies  MDP  did  not  appear  to  cause  morphological  changes  or  enhance  phagocy- 
tosis or  bactericidal  capacity  of  alveolar  macrophages.   MDP  did  not  cause  the 
release  of  endogenous  pyrogen. 

Preliminary  studies  on  the  recruitment  of  granulocytes  into  the  airways  of  ca- 
nines have  b(jen  carried  out.   Arrosolized  llpopolysaccharide  can  cause  signi- 
ficant recruitment  of  granulocytes  into  the  lung,  however,  this  is  associated 
with  respiratory  distress  in  the  experimental  animals.   In  preliminary  studies 
we  could  not  demonstrate  recruitment  of  granulocytes  into  the  lung  by  aeroso- 
lization of  synthetic  chemotactic  factor  (F-met  peptides)  at  low  concentrations. 
Purification  and  further  characterization  of  the  alveolar  macrophage  chemotac- 
tic factor  is  currently  being  carried  out. 

The  antibody  response  of  canines  to  the  Pseudomonas  "core-antigen"  (OEP)  has 
been  defined.   Antibody  against  this  core-antigen  has  been  purified.   A  repro- 
ducible experimental  model  of  Pseudomonas  pneumonia  in  the  Irradiated-leuko- 
penic  dog  could  not  be  established  because  of  the  variable  response  of  the 
animals  to  irradiation  and  intra-bronchial  instillation  of  Pseudomonas.   We 
have  successfully  defined  a  Cytoxan  Induced  leukopenic  dog  model  for  studying 
Pseudomonas  bacteremia  in  the  compromised  host.   Studies  currently  underway  ar« 
designed  to  evaluate  the  efficacy  of  passive  transfer  of  various  antibody  pre-t 
parations  on  the  survival  of  animals  challenged  with  a  lethal  dose  of  Pseudomolnas. 
Immune  plasma,  immune  whole  serum,  concentrated  immune  globulin,  purified  IgG 
and  TgM  rich  serum  tractions  will  be  assayed  in  in  vivo  and  iii  vitro  systems. 
Sera  from  patients  with  Pseudomonas  infections,  with  particular  emphasis  on  pa- 
l  lents  with  P.soiidoiTion;is  bacteremia,  are  being  assnycd  for  antibody  against  the 
"core-nnt  I  j;en"  ,  (OEP) . 
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Significance  to  Biomediral  Research  and  the  Program  of  the  In stltute : 

Pseudomonas  bacteremia  and  pneumonia  are  commonly  encounted  in  compromised  and 
immunosuppressed  patients.   The  mortality  from  these  infections  remains  high 
despite  recent  advances  in  antibiotic  therapy  and  patient  management.   Methods 
of  restoring  or  enhancing  impaired  host  defense  mechanisms  must  be  sought. 
Although  granulocyte  transfusion  therapy  has  proven  efficacious  in  experimen- 
tal trials,  it  may  not  have  practical  utility  because  of  technical  and  mone- 
tary problems.   Immunoprophylaxls ,  in  the  form  of  enhanced  humoral  and  cell- 
mediated  immune  mechanisms,  and  non-specific  "activation"  of  phagocytic  cells 
(macrophages)  by  adjuvants,  are  two  approaches  to  Improving  the  management  of 
Infection  in  compromised  hosts. 

Recent  Investigations  of  "core-antigens"  (Lipid  A)  as  vaccines  in  immunopro- 
phylaxls against  gram-negative  organisms  have  suggested  that  broad  protection 
may  be  afforded  by  a  single  vaccine.   However,  Pseudomonas  does  not  share  this 
common  antigen  with  other  members  of  the  Enterobacterlacea.   The  "core-antigen" 
of  Pseudmonoas  (OEP)  may  prove  to  be  of  great  importance  because  of  its  common- 
protective  capabilities  (among  the  multiple  immunotypes  of  Pseudomonoas) ,  its 
non-specific  adjuvant  effects,  and  its  lesser  toxicity  (as  compared  to 
1 Ipopolysaccharides) . 

Investigations  of  pulmonary  host  defense  mechanisms  may  help  elucidate  the 
pathophysiology  of  nosocomial  pneumonia  in  compromised  hosts  and  suggest  new 
therapeutic  Interventions.   Studies  of  alveolar  macrophage  function,  recruit- 
ment of  granulocytes  into  the  lung,  and  local  cell-mediated  Immune  reactions 
have  application  to  infections  in  other  organ  systems. 

Proposed  Course: 

The  on-going  experiments  described  above  will  be  continued  in  the  coming  year. 
Emphasis  will  be  placed  on  the  "core-antigen"  (OEP)  of  Pseudmonas  because  this 
vaccine  may  have  important  clinical  use  in  the  immunoprophylaxls  of  human 
subjects. 
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Project  Description: 
Objectives i 

1.  To  Investigate  the  pathogenesis  of  and  host  response  to  viral  Infections 
of  the  respiratory  and  gastrointestinal  tracts  in  man.   Experimentally  in- 
duced disease  in  normal  volunteers,  as  well  as  naturally  occurring  cases  are 
studied. 

2.  To  define  the  biologic,  immunologic,  and  epidemiologic  properties  of  the 
etlologic  agents  of  viral  gastroenteritis  in  man. 

3.  To  develop  in   vitro  culture  systems  and/or  laboratory  animal  models  with 
which  to  study  these  agents. 

4.  To  examine  the  possible  roles  of  viral  agents  in  acute  and  chronic  gas- 
trointestinal and  respiratory  tract  diseases  of  unknown  etiology. 

5.  To  devise  control  measures  based  on  the  above  information,  with  particu- 
lar emphasis  on  the  use  of  antiviral  compounds. 

Methods  Employed; 

1.  Source  of  Viral  Agents:  Viral  agents  have  been  obtained  from  naturally 
occurring  outbreaks  of  viral  gastroenteritis,  and  have  been  partially  cha- 
racterized.  These  are  maintained  as  infectious  suspensions  in  veal  infusion 
broth  and  serve  as  Infectious  Inocula  and  sources  of  antigen.  Respiratory 
tract  viruses  are  isolated  in  tissue  and  organ  culture  from  naturally  occur- 
ring cases.  After  characterization,  they  are  grown  in  large  quantities  to 
serve  as  standard  sources  of  the  agent  for  laboratory  and  volunteer  studies. 

2.  In  Vitro  Culture  Systems:   Standard  tissue  cultures  or  suckling  mice  are 
employed  for  the  isolation  of  conventional  viral  agents.   Since  certain  fast- 
idious agents  replicate  only  in  organ  culture,  human  fetal  intestinal  and 
tracheal  organ  cultures  are  employed  for  the  detection  of  new  or  occult 
agents.   The  organ  cultures  are  examined  with  light,  fluorescence  and  elec- 
tron microscopy,  and  the  explants  are  tested  for  viral  interference,  meta- 
bolic alterations,  and  enzyme  production. 

3.  Clinical  Studies 

^'   Voluntear  StudicH:  After  rigorous  safety  tests  of  the  Inocula, 
111)1111(1 1  viiiiinioors  ixrv   fn  ii-fni-d  tor  appropriate  serum  antibody  status  and  are 
infected  via  oral  or  nasopharyngeal  administration  of  these  viruses.  The 
volunteers  are  followed  closely  for  clinical  changes,  and  samples  of  blood, 
stool,  respiratory  secretions,  <ilong  with  selected  biopsies,  are  obtained. 

b.   Naturally  Occurring  Cases;   Similar  studies  are  performed  on  out- 
patients and  hospitalized  patients  referred  by  local  physicians  or  the 
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infectious  disease  consultation  service  of  the  LCI.   In  collaboration  with 
Dr.  A.  S.  Levy,  mucosal  biopsy  specimens,  stool  samples  and  sera  from  pa- 
tients with  ulcerative  colitis  and  regional  enteritis  are  provided  for  viral 
studies.   In  collaboration  with  Dr»  Fullmer  of  NULI,  lung  biopsies,  as  well 
as  respiratory  tract  secretions,  from  patients  with  chronic  interstitial  pul- 
monary disease  of  unknown  etiology,  are  provided  for  study.   Lung  biopsies  of 
acute  Interstitial  pulmonary  infiltrates  in  host  defense-compromised  patients 
hospitalized  at  the  Clinical  Center  are  provided  through  the  consultation 
service  of  the  LCI. 

4.   Host-Defense  Studies:   Serum  and  secretory  antibody  responses  to  viral 
infection  are  examined,  employing  neutralization,  complement  fixation,  hem- 
agglutination inhibition  or  fluorescent  antibody  assays.   Cell-mediated  im- 
munity is  investigated  by  mitogenic  and  antigenic  stimulation  of  lymphocyte 
cultures  and  by  lymphocytotoxicity  assays  against  virus- infected  target  cells. 
Lymphocyte  subpopulations  are  determined  by  sheep  red  blood  cell  and  comple- 
ment receptor  assays  (Fauci) .   Nonspecific  defenses  such  as  polymorphonuclear 
leukocyte  functions  and  interferon  production  are  also  examined. 

Major  Findings: 

Research  efforts  in  this  area  during  the  past  year  have  concentrated  largely 
on  influenza,  as  part  of  the  participation  of  the  Medical  Virology  Section  in 
the  National  Influenza  Immunization  Program,  along  with  the  continued  devel- 
opment of  research  techniques  within  the  section  with  which  to  study  influ- 
enza. 

1.   Cell-mediated  immune  response  to  influenza  infection  and  vaccination 
in  man. 

a.   Cell-mediated  immune  responses  were  investigated  In  21  normal  volun- 
teers who  were  challenged  intranasally  with  influenza  A/Victoria  (H3N2) 
virus.   By  use  of  additionally  purified  influenza  viruses  and  subunlt  anti- 
gens, assays  of  blastogenl^  responses  to  influenza  antigens  in  peripheral 
blood  lymphocyte  culturesfWere  refined,  with  10-  to  100-fold  increases  in 
sensitivity.   This  assay  demonstrated  elevated  blastogenic  responses  to  in- 
fluenza A  viruses  within  five  days  of  virus  challenge,  which  returned  to 
baseline  levels  within  two  weeks.   Examination  of  the  antigenic  specificity 
of  such  responses  demonstrated  that  the  responses  extended  to  in  vitro  stim- 
ulation with  all  type  A  influenza  viruses  tested,  regardless  of  hemagglutinin 
and  neuraminidase  subtype,  but  did  not  extend  to  influenza  B  viruses.   Stimu- 
lation with  purified  subunits  indicated  that  the  hemagglutinin,  neuraminidase, 
and  type  specific  A/matrix  protein,  each  stimulated  blastogenesis.   The  re- 
sponse to  whole  virus  likely  represents  the  sum  of  responses  to  the  above 
antlgpns,  and  stimulation  by  A/matrix  protein  accounts  for  type  specific 
rt'K|)()iist-.s . 

I).   Similar  studies  were  carried  out  with  another  Iji  vltr^)  assay  of 
cell-mediated  immunity,  direct  lymphocytotoxic  activity  against  human  tissue 
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culture  cells  Infected  with  Influenza  viruses.   Three  to  five  days  following 
challenge,  transiently  elevated  levels  of  cyt|Otoxicity  were  noted  against 
cells  Infected  with  influenza  A,  influenza  B,  and  an  unrelated  paramyxovirus 
of  chickens,  New  Castle  Disease  virus;  but  not  against  cells  infected  with 
herpes  simplex  virus.   Thus,  the  cytotoxic  response  appeared  to  be  directed 
at  ortho-  and  paramyxovirus  infected  cells  and  did  not  depend  on  known  anti- 
genic relatedness  between  in  vivo  stimulating  and  in  vitro  target  viruses. 

c.  Examination  of  cell-mediated  immune  responses  after  intramuscular 
administration  of  inactivated  influenza  vaccine  demonstrated  a  somewhat 
earlier  (within  3  days)  and  more  prolonged  blastogenic  response  to  homologous 
whole  influenza  virus  than  that  seen  after  experimental  infection.   Cytotoxic 
activity  directed  against  target  cells  infected  with  vaccine  viruses  was  also 
detected,  with  a  time  course  similar  to  that  seen  following  live  virus  chal- 
lenge. Additional  studies  to  determine  the  specificity  of  vaccine  induced 
cell-mediated  immune  responses  are  planned  for  the  upcoming  year. 

d.  Examination  of  serum  hemagglutination  inhibition  (HAI)  antibody 
response  to  infection  and  vaccination  demonstrated  only  subtype  specific 
responses,  10  to  14  days  after  challenge  or  vaccination.   Thus,  the  above 

in  vitro  techniques  for  measurement  of  CMI  may  represent  more  sensitive  assays 
for  detection  of  immunity  of  influenza  virus  than  standard  assays  of  circula- 
ting antibody.   Alternatively,  these  assays  may  detect  previously  unrecog- 
nized antigenic  relationships  among  myxoviruses.   The  time  course  of  CMI 
responses  suggests  that  they  may  be  related  to  early  events  after  influenza 
infection  and  v«cclnatlon. 

2.   Clinical  trials  of  inactivated  influenza  vaccines. 

As  part  of  the  National  Influenza  Immunization  Program,  a  total  of  512 
subjects,  ages  16  to  75,  were  studied  in  clinical  trials  comparing  increas- 
ing doses  of  inactivated  influenza  A/NJ  (HswNl)  vaccines,  single  vs.  double 
dose  regimens,  "split  product"  vs.  whole  virus  preparations  and  bivalent 
(A/NJ,  A/Victoria)  and  monovalent  (B/Hong  Kong)  preparations. 

a.  Monov^lerf  A/NJ  vaccines  were  well  tolerated  with  significant 
febrile  reactions  occurring  in  less  than  5%  of  recipients.   Serum  HAI  anti- 
body levels  >40  were  seen  in  70  to  90  of  recipients  with  200  CCA  units/dose, 
and  frequencies  were  not  significantly  increased  with  increasing  doses. 

b.  Indivldunls  under  24  years  of  age,  required  an  additional  dose  four 
weeks  after  the  initial  immunization  to  achieve  rates  of  seroconversion 
(HAI  titers  -40)  of  57  to  70%. 

c.  Bivalent  wliole  virus  vaccines  administered  with  monovalent  B  vaccine 
appeared  to  have  greater  systemic  reactivity  than  bivalent  split  product  vac- 
cines administered  with  monovalent  B  vaccine.   Pre-existing  HAI  antibody  to 
vaccine  viruses  appeared  to  protect  vaccinees  from  systemic  reactivity. 
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d.   The  whole  and  split  product  vaccines  appeared  to  Be  of  comparable 
immunogenic ity  in  individuals  over  24  years  of  age. 

3 .  Studies  of  Guillain-Barrg  patients. 

Because  of  the  reported  association  of  Quillain-Barre  syndrome  and  influenza 
A/NJ  vaccination,  we  undertook  clinical,  virologic  and  immunologic  studies  of 
31  Guillain-Barre  (GB)  patients  in  Maryland,  Virginia,  and  D.  C,  in  collab- 
oration with  Dr.  Sydney  Houff  of  the  Neurovirology  Section  of  the  NINCDS. 
Nlnntoen  imicnlH  hnd  CB  following  LnfluonKa  vai-clnatlon,  and  twelve  had  no 
history  of  vaetlnat Ion.   The  two  groups  appeared  to  be  comparable  in  soclo- 
epidemlologlc  factors.   Clinical  findings  appeared  somewhat  different  in  the 
two  groups.  In  that  the  vaccinated  patients  had  a  higher  frequency  of  cranial 
nerve  involvement,  sensory  findings,  and  had  slightly  milder  disease. 

Immunologic  studies  were  performed  on  the  above  patients  and  on  a  group  of 
matched  vaccinated  and  unvaccinated  controls.   Serum  antibody  and  cell- 
mediated  immune  responses  (with  techniques  described  above)  to  influenza  and 
other  viral  antigens  showed  no  significant  differences  among  the  groups.   No 
differences  were  noted  in  quantitative  immunoglobulin  or  in  lymphocyte  sur- 
face markers,  or  in  response  to  mitogens  (Fauci).   Antigen  antibody  complexes 
were  not  detected  by  CIQ  assay,  and  total  hemolytic  complement  levels  were 
normal  (Frank).   HLA  typing  of  18  Guillain-Barre  patients  revealed  that  3/18 
manifested  type  BW21,  and  plans  for  additional  typing  of  patients  are  being 
formulated. 

Virologic  studies  have  failed  to  reveal  etiologic  agents  in  GB  patients,  al- 
though one  patient  appeared  to  have  acute  rubella  and  another  had  acute  EBV 
infection. 

Although  tlie  above  studies  are  essentially  negative,  most  of  the  samples  were 
obtained  six  to  ten  weeks  after  onset  of  illness,  and  acute  changes  may  have 
been  missed.   Prospective  studies  of  GB  in  the  future,  based  on  intensive 
surveillance  for  cases  should  provide  additional  data  with  these  techniques. 

4.  Chronic  pulmonary  and  inflammatory  bowel  disease. 

Twelve  lung  biopsies  from  patients  with  acute  and  chronic  pulmonary  inter- 
stitial infiltrates  were  examined  for  the  presence  of  viral  agents,  with 
detection  of  2  CMV,  1  HSV,  and  1  Rhinovirus  isolates.   Eleven  intestinal 
biopsies  from  patients  with  ulcerative  colitis  and  regional  enteritis  were 
also  studied,  without  detection  of  viral  agents  in  tissue  culture.   Material 
collected  in  these  studies,  along  with  sera  and  secretions,  is  being  stored 
at  -70°C  to  be  further  examined  as  additional  detection  techniques  become 
available. 

5.  Clinical  Virology. 

''^8'j   clinical    spcjcliiuMis  were  examined   for  viral    isolations   in   support   of   the    : 
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infectious  disease  consultation  service  of  the  LCI  or  at  the  request  of 
physicians  at  the  NIH,  NNMC  or  in  the  community.   157  (34%)  were  positive  for 
a  wide  variety  of  viral  agents.   Selected  viral  serologies  were  also  performed 
to  confirm  diagnoses  of  viral  infection. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Viral  respiratory  and  gastrointestinal  tract  infections  are  the  most  common 
disease  experiences  in  American  families  and  affect  all  age  groups  of  a  broad 
segment  of  the  population.  As  yet,  there  are  no  adequate  control  measures 
available.   Identification  and  characterization  of  etiologic  agents,  as  well 
as  studies  of  the  pathogenesis  of  these  diseases  In  man,  should  form  the 
basis  for  rational  development  of  methods  of  prevention  and  treatment.   Exam- 
ination of  the  possible  role  of  viral  agents  in  chronic  pulmonary  and  G.I. 
Illness  may  lead  to  an  understanding  of  the  etiology  of  those  diseases.   The 
newly  developed  techniques  described  above,  along  with  volunteer  experiments 
should  continue  to  provide  valuable  data.  i 

Proposed  Course: 

The  pathogenesis  and  host  response  of  both  respiratory  tract  and  gastroin- 
testinal viral  infections  in  man  will  continue  to  be  examined  in  both  exper- 
imentally induced  and  naturally  occurring  disease.   The  newly  developed 
techniques  for  measuring  cell-mediated  immune  responses  to  influenza  antigens 
will  be  applied  to  the  study  of  complications  of  naturally  occurring  viral 
disease,  such  as  overwhelming  pneumonia.   Studies  of  the  agents  of  viral 
gastroenteritis  will  continue,  with  emphasis  on  propagation  of  agents  in  vitro, 
and  on  the  development  of  rapid  sensitive,  detection  methods.   The  possible 
role  of  viruses  in  chronic  G.I.  and  pulmonary  diseases  will  continue  to  be 
examined.   The  potential  application  of  antiviral  compounds  to  the  prophy- 
laxis and/or  therapy  of  viral  respiratory  and  gastrointestinal  disease  will 
be  investigated. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords JThe  original  development  and  Subsequent 
application  in  this  laboratory  of  a  unique  system  of  primary  in  vitro  stimulation 
of  human  peripheral  blood  B^  lymphocytes  with  polyclonal  activators  or  specific 
antigens  and  subsequent  measurement  of  single  cell  antibody  responses  by  a  hemo- 
lysis-in-gel  plaque  forming  cell  assay  has  allowed  us  to  probe  many  of  the  complec 
events  and  cellular  interactions  involved  in  human  B  cell  function.   This  approach 
has  been  employed  in  the  delineation  of  cell  triggering  and  regulatory  mechanisms 


in  normal  Immune  responses  as  well  as  in  a  group  of  diseases  of  aberrant  immuno- 
logical reactivity.   We  have  demonstrated  the  presence  of  distinct  subpopulatlons 


nf  helper  and  suppressor  cells  of  normal  B  cell  responses  as  well  as  aberrancies 
of  these  regulators  of  B  cell  function  in  hypersensitivity  disease  states.   In 
addition,  the  production  of  soluble  regulatory  factors  of  human  B  cell  triggering 
have  been  induced  in  vitro  and  have  been  shown  to  play  a  significant  role  in  mod- 
ulation of  B  cell  function.   Thi-  differential  sensitivity  of  various  stages  of  B 
cell  activation,  pro.llfrrnt  ion  and  differentiation  to  rt-gulation  by  corticoster- 
nhlH  has  l)p(<n  (laraon«trnti'ct."  fhlH  ha"B  clo.-ircut  relevance  in  understanding  the 
liecTTanliim  of  regulation  of  B  cell  function  as  well  as  the  mechanisms  of  action  of 
jcortlcosterolds  in  Immunologically  mediated  diseases.   
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Project  Description 
Objectives : 

1)  To  separate,  purify  and  identify  subpopulations  of  lymphoid 
cells  in  man  and  animals  in  order  to  more  acurately  define  their  func- 
tional capacities  in  normal  immunological  reactivity  as  well  as  to  study 
their  role  in  such  disease  states  as  hypersensitivity  vasculitis,  granu- 
loma formation,  and  other  auto-allergic  and  immunologically  mediated 
disease.   In  addition,  to  delineate  the  precise  cellular  subcellular, 

and  biochemical  events  associated  with  activation  of  lymphoid  and  mononu- 
clear cell  subpopulations  in  the  normal  immune  response,  and  in  disease 
activity.   To  characterize  the  complex  cell  to  cell  interactions  involved 
In   both  pc)f,illve  (help)  and  negative  (suppression)  regulation  of  Immune 
rt-HponncH  both  In  the  normal  ntnte  and  in  diseases  characterized  by 
aberrancles  of  immunological  reactivity.   To  characterize  the  sensitivity 
of  these  subpopulations  of  cells  (aa  well  as  their  complex  interactions) 
to  various  Immunosuppressive  agents  employed  in  the  therapy  of  immuno- 
logically mediated  diseases. 

2)  To  induce  (in  vitro) ,  puri.fy  and  characterize  lymphoid  cell  de- 
rived soluble  factors  which  are  involved  in  the  regulation  of  immunolo- 
gical reactivity. 

3)  To  develop  and  perfect  culture  and  assay  systems  for  primary  in 
vitro  acti\'ation  of  human  B  lymphocytes  to  antibody  production  following 
polyclonal  activation  or  specific  antigenic  stimulation. 

^)   Tn  delineate  the  precise  mechanisms  whereby  Immunosuppreaslvo 
MtifiiiH  Miuh  aa  cortleoaterolds  and  cytotoxic  druss  at  feet  the  immuno  re- 
MpoiiBr  In  man  and  In  experimental  animals,  specifically  examining  their 
etlects  on  the  compartmenLalization  as  well  as  on  the  in  vivo  and  in 
vitro  function  of  monocytes  and  subpopulations  of  lymphocytes. 

5)  To  correlate  the  specific  immunosuppressive  effects  of  corti- 
costeroids and  cytotoxic  drugs  with  the  suppression  of  disease  activity 
in  various  inflammatory  and  immunologically-mediated  disease  states  in 
man  and  by  doing  so  to  aim  at  a  greater  understanding  and  therapeutic 
specificity  in  the  clinical  use  of  these  agents. 

6)  To  study  the  mechanisms  whereby  manipulations  of  immune  reacti- 
vity as  described  above  affect  host  defenses  against  infection,  tumor 
surveillance,  and  propensity  towards  auto-immune  states. 

7)  To  study  the  functional  capabilities  ot  eosinophils  and  mono- 
niulcnr  cells  In  the  idiopathic  liypereosinophilic  syndrome  in  order  to 
r  liic  l<l)it  <•  I  lie  mcrh/iiil  HiiiH  wliereby  these  colls  cause  Invasion  ol  tissue 
and  HiibHf.qufnt  tlsmif  chuiuigi'  In  thtw  dlsoaae.   To  ikso  Uils  Inlormntloii 
to  gain  a  greater  understanding  of  the  functional  properties  of  eosino- 
phils in  normal  states,  various  diseases  and  to  determine  their  sensi- 


tivity to  various  therapeutic  regimens. 
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Methods  Employed; 

1)  The  major  thrust  of  the  methodology  is  concerned  with  the 
fractionation,  purification  and  identification  of  lymphoid  cell  sub- 
populations  and  the  l£  vitro  culturlng  of  these  cells  to  determine  their 
varied  and  numerous  functional  capabilities.   A  particular  aim  is  to 
identify  and  characterize  specific  lymphocyte  subpopulatlons  as  the  cell 
type(s)  involved  in  lymphocyte-mediated  disease  states  in  man  and  in 
experimentally  induced  disorders  in  animals.   Cells  are  identified 
predominantly  by  surface  markers  and  functional  capabilities  are  assessed 
by  blastogenic  responses  to  mitogenic  and  antigenic  stimulation,  elabora- 
tion of  various  soluble  mediators,  cell  mediated  cytotoxicity  against 
various  autologous,  allogeneic  and  xenogeneic  targets.   Various  cytotoxi- 
city assays  include  spontaneous,  mitogen  dependent,  mitogen  generated, 
and  antibody  dependent  cellular  cytoxicity.   Other  functional  capabilities 
are  activation,  proliferation,  and  differentiation  of  B  lymphocytes  to 
antibody  producing  and  secreting  cells. 

2)  Administering  corticosteroids  to  normal  volunteers  and  patients 
requiring  this  drug  and  measuring  the  specific  effects  of  these  agents 
on  the  compartmentalization  and  functional  capabilities  of  monocytes  and 
lymphocyte  subpopulatlons.   In  addition  studying  the  differential  effects 
of  jLn  vitro  corticosteroids  and  in  vitro  irradiation  on  various  lymphoid 
cell  functional  capabilities  such  as  triggering,  proliferation,  differen- 
tiation, elaboration  of  mediators,  suppressor  cell  and/or  helper  cell 
function,  antibody  production  and  secretion. 

3)  Labellug  a  subject's  lymphoid  cells  with   chromium  and  reinfus- 
ing  the  cells  H^Kk  into  their  circulation  to  determine  the  effects  of 
disease  stateslwhd  of  chemotherapeutic  agents  on  the  viability  and  cir- 
culation pattefis  of  these  cells. 

4)  Producing  altered  states  of  Immunity  in  experimental  animals  by 
x-irradiation,  surgical  removal  of  lymphoid  organs,  or  administration  of 
immunosuppressive  agents  In  order  to  determine  precisely  the  requirement 
of  various  cell  types  In  normal  Immunological  reactivity  and  parti- 
cularly In  the  regulatory  oventa  associated  with  the  immune  response. 

5)  Performing  bone  marrow  aspirates  in  normal  subjects  and  pa- 
tients with  various  diseases  prior  to,  during  and  following  therapy. 
Obtaining  purified  populations  of  lymphoid  cells  from  these  bone  marrow 
cell  suspensions  by  various  separation  techniques  in  order  to  delineate 
the  immu no competence  of  bone  marrow  lymphoid  cells  in  normal  man,  as 
well  as  the  alteration  of  compartmentalization  and  function  of  these 
cells  in  untreated  and  treated  disease  states. 

6)  Development  for  the  first  time  in  humans  of  a  system  of  primary 
in  vitro  stimulation  of  bone  marrow  derived  (B)  lymphocytes  by  polyclonal 
activation  as  well  as  specific  antigenic  stimulation  with  subsequent 
measurement  of  single  cell  antibody  production  by  a  direct  hemolysis-ln- 
gel  plaque  forming  cell  assay.   Using  this  system,  we  have  developed  a 
system  for  the  selective  generation  of  suppressor  cells  or  helper  cells 
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Project  Description 
Objectives  : 

1)  To  separate,  purify  and  Identify  subpopulations  of  lymphoid 
cells  in  man  and  animals  in  order  to  more  acurately  define  their  func- 
tional capacities  in  normal  immunological  reactivity  as  well  as  to  study 
their  role  in  such  disease  states  as  hypersensitivity  vasculitis,  granu- 
loma formation,  and  other  auto-allergic  and  immunologically  mediated 
disease.   In  addition,  to  delineate  the  precise  cellular  subcellular, 

and  biochemical  events  associated  with  activation  of  lymphoid  and  mononu- 
clear cell  subpopulations  in  the  normal  immune  response,  and  in  disease 
activity.   To  characterize  the  complex  cell  to  cell  interactions  involved 
Jn  both  positive  (help)  .ind  negative  (suppression)  regulation  of  Immune 
rc'HponHt'H  both  In  the  normal  Htate  and  in  diseases  characterized  by 
aberrancles  of  immunological  reactivity.   To  characterize  the  sensitivity 
of  these  subpopulatlonB  of  cells  (as  well  as  their  complex  Interactions) 
to  various  immunosuppressive  agents  employed  in  the  therapy  of  immuno- 
logically mediated  diseases. 

2)  To  induce  (in  vitro) ,  purify  and  characterize  lymphoid  cell  de- 
rived soluble  factors  which  are  involved  in  the  regulation  of  immunolo- 
gical reactivity. 

3)  To  develop; and  perfect  culture  and  assay  systems  for  primary  in 
vitro  actii'ation  of  human  B  lymphocytes  to  antibody  production  following 
polyclonal  activation  or  specific  antigenic  stimulation.        ^  *& 


h)      Til  delineate  the  precise  mechanisms  whereby  ^mmunosuppre4|^^ve 
(iliriiiti  Hiicli  «8  eorttcoateroldH  and  cytotoxic  drugs  til  feet  the  Immune  re- 
uponfie  In  man  and  tn  experimental  animals,  specifically  examining  their 
eflecLs  on  the  compartmenLalization  as  well  as  on  the  in  vivo  and  in 
vitro  function  of  monocytes  and  subpopulations  of  lymphocytes. 

5)  To  correlate  the  specific  immunosuppressive  effects  of  corti- 
costeroids and  cytotoxic  drugs  with  the  suppression  of  disease  activity 
in  various  inflammatory  and  immunologically-mediated  disease  states  in 
man  and  by  doing  so  to  aim  at  a  greater  understanding  and  therapeutic 
specificity  in  the  clinical  use  of  these  agents. 

6)  To  study  the  mechanisms  whereby  manipulations  of  immune  reacti- 
vity as  described  above  affect  host  defenses  against  infection,  tumor 
surveillance,  and  propensity  towards  auto-immune  states. 

7)  To  study  the  functional  capabilities  oL  eosinophils  and  mono- 
nuclear cells  In  the  idiopathic  hypereosinophil Ic  syndrome  in  order  to 
>■  liic  IiIjiI  !•  I  he  mcrh/mlHinn  whereby  these  colls  onu.'u-  Invasion  o\  Itssiio 
'ind  HiihHequi-nt  tlsHut'  ilanuigr  tn  this  dlsoabe.  '\'o  uao  litis  I  n  I  ormnt  li>ii 
to  gain  a  greater  understanding  of  the  functional  properties  o'i  eosino- 
phils in  normal  states,  various  diseases  and  to  determine  their  sensi- 
tivity to  various  therapeutic  regimens^ 
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Methods  Employed : 

1)  The  major  thrust  of  the  methodology  Is  concerned  with  the 
fractionation,  purification  and  Identification  of  lymphoid  cell  sub- 
populations  and  the  in  vitro  culturing  of  these  cells  to  determine  their 
varied  and  numerous  functional  capabilities.   A  particular  aim  is  to 
identify  and  characterize  specific  lymphocyte  subpopulations  as  the  cell 
type(s)  involved  in  lymphocyte-mediated  disease  states  in  man  and  in 
experimentally  induced  disorders  in  animals.   Cells  are  identified 
predominantly  by  surface  markers  and  functional  capabilities  are  assessed 
by  blastogenic  responses  to  mitogenic  and  antigenic  stimulation,  elabora- 
tion of  various  soluble  mediators,  cell  mediated  cytotoxicity  against 
various  autologous,  allogeneic  and  xenogeneic  targets.   Various  cytotoxi- 
city assays  include  spontaneous,  mitogen  dependent,  mitogen  generated, 
and  antibody  dependent  cellular  cytoxicity.   Other  functional  capabilities 
are  activation,  proliferation,  and  differentiation  of  B  lymphocytes  to 
antibody  producing  and  secreting  cells. 

2)  Administering  corticosteroids  to  normal  volunteers  and  patients 
requiring  this  drug  and  measuring  the  specific  effects  of  these  agents 
on  the  compartmentalization  and  functional  capabilities  of  monocytes  and 
lymphocyte  subpopulations.   In  addition  studying  the  differential  effects 
of  JLn  vitro  corticosteroids  and  in  vitro  irradiation  on  various  lymphoid 
cell  functional  capabilities  such  as  triggering,  proliferation,  differen- 
tiation, elaboration  of  mediators,  suppressor  cell  and/or  helper  cell 
function,  antibody  production  and  secretion. 

3)  Labeling  a  subject's  lymphoid  cells  with   chromium  and  reinfus- 
ing  the  cells  back  into  their  circulation  to  determine  the  effects  of 
disease  states  and  of  chemotherapeutic  agents  on  the  viability  and  cir- 
culation patterns  of  these  cells. 

4)  Producing  altered  states  of  Immunity  in  experimental  animals  by 
x-irradiation,  surgical  removal  of  lymphoid  organs,  or  administration  of 
immunosuppressive  agents  in  order  to  determine  precisely  the  requirement 
of  various  cell  types  In  normnl  Immunological  reactivity  and  parti- 
cularly In  the  regulatory  events  associated  with  the  Immune  response. 

5)  Performing  bone  marrow  aspirates  in  normal  subjects  and  pa- 
tients with  various  diseases  prior  to,  during  and  following  therapy. 
Obtaining  purified  populations  of  lymphoid  cells  from  these  bone  marrow 
cell  suspensions  by  various  separation  techniques  in  order  to  delineate 
the  immu no competence  of  bone  marrow  lymphoid  cells  in  normal  man,  as 
well  as  the  alteration  of  compartmentalization  and  function  of  these 
cells  in  untreated  and  treated  disease  states. 

6)  Development  for  the  first  time  in  humans  of  a  system  of  primary 
in  vitro  stimulation  of  bone  marrow  derived  (B)  lymphocytes  by  polyclonal 
activation  as  well  as  specific  antigenic  stimulation  with  subsequent 
measurement  of  single  cell  antibody  production  by  a  direct  hemolysis-ln- 
gel  plaque  forming  cell  assay.   Using  this  system,  we  have  developed  a 
system  Cor  the  selective  generation  of  suppressor  cells  or  helper  cells 
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capable  of  modulating  in  vitro  antibody  production.  In  addition  we  have 
produced  soluble  mediators  of  B  cell  function  In  man  and  have  character- 
ized the  cell  types  of  their  origin. 

Major  Findings  and  Significance  to  Biomedical  Research  and  the  Program 
of  the  Institute: 

1)  One  of  the  most  exciting  and  significant  developments  In  this 
laboratory  over  the  past  year  has  been  the  successful  establishment  for 
the  first  time  in  man  of  a  highly  reproducible  system  of  primary  in 
vitro  stimulation  of  B  lymphocytes  by  polyclonal  B  cell  activators  or 
untlgens,  with  measurement  of  single  cell  antibody  production  by  a 
direct  hemolysls-in-gel  plaque  forming  cell  assay.   This  has  been  tried 
successfully  with  virtually  all  lymphoid  organs,  but  most  importantly  it 
is  highly  adaptable  to  peripheral  blood  lymphocytes  which  makes  it  an 
invaluable  tool  to  probe  in  depth  the  complex  events  associated  with  B 
cell  activation  and  regulaton  of  B  cell  function  in  man.   Since  our 
initial  development  of  this  system  we  have  been  able  to  apply  it  to 
several  important  areas  of  investigation  of  human  B  cell  function  outlined 
below. 

2)  Findings  over  the  past  year  employing  our  newly  developed 
plaque  forming  cell  assay  for  human  B  cell  function: 

a)  The  demonstration  of  the  balance  of  naturally  occurring 
helper  and  suppressor  activity  mediated  by  distinct  subpopulations 
of  lymphoid  cells  in  the  regulation  of  the  normal  immune  response 
in  man. 

b)  The  i£  vitro  generation  for  the  first  time  of  subpopula- 
tions of  helper  and  suppressor  cells  of  antibody  production  in 
human  peripheral  blood  lymphocytes. 

c)  The  demonstration  of  the  bone  marrow  as  a  major  site  of 
immunoglobulin  production  in  man. 

d)  The  demonstration  of  the  sensitivity  of  suppressor  cells 

and  the  resistance  of  helpei^  cells  to  corL icosLerolds  and  irradiation. 

e)  The  elaboration  of  soluble  regulatory  factors  of  B  cell 
functions  by  T  lymphocytes  and  monocytes. 

f)  The  demonstration  tliat  lymphoiytfs  I  rtim  patliMits  wiili 
chronic  lymphocytic  leukemia  are  incapable  of  responding  to  acti- 
vation by  production  of  polyclonal  ant  Ibody  and  Indeed  are  ri'- 
stricted  in  their  montJclonality . 

3)  We  have  extended  our  previous  studies  on  the  selective  effects 
of  corticosteroids  in  man  on  various  subpopulations  of  lymphoid  cells. 

It  has  thus  far  been  impossible  for  any  laboratory  to  physically  separate 
the  effector  cells  involved  in  spontaneous  or  natural  cytotoxicity  (SCC) 
against  various  target  cells  from  theOa(fifiector  cells  involved  in  antibody 
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dependent  cellular  cytotoxicity  (ADCC) .   However,  we  have  now  shown  that 
despite  the  similarity  (or  identity)  of  surface  markers  of  these  effector 
cells,  they  are  functionally  distinguishable  since  cells  mediating  SCC 
are  sensitive  to  In  vivo  and  ^ji  vitro  corticosteroids,  while  cells 
mediating  ADCC  are  quite  resistant  to  corticosteroids.   This  is  the 
first  demonstration  of  separability  of  these  2  cytotoxic  effector  functions. 

4)  We  have  extended  our  previous  studies  on  the  characterization 
of  lymphoid  cell   subpopulations  in  human  bone  marrow  and  have  shown  that 
bone  marrow  B  cells  or  B  cell  precursors  are  major  contributors  to 
immunoglobulin  production  in  man. 

5)  We  have  developed  a  model  system  for  obtaining  and  purifying 
large  numbers  of  alveolar  macrophages  and  lymphocyte  subpopulations  from 
guinea  pig  lung.   We  have  used  this  model  to  characterize  many  of  the 
functional  capabilities  of  these  cell  types.   This  has  advanced  our 
understanding  of  the  immunological  capacity  of  the  pulmonary  tree.   In 
addition  we  have  delineated  the  differential  sensitivity  of  these  macro- 
phages and  lymphoid  cell  subpopulations  to  corticosteroid  and  cytotoxic 
therapy. 

6)  We  have  delineated  the  cell  mediated  immunological  responses 
against  Herpesvirus  infected  target  cells  in  patients  with  recurrent 
Herpes  infections.   This  has  added  new  insight  into  the  host  defense 
mechanisms  involved  in  recurrent  viral  infections. 

7)  We  have  continued  and  extended  our  studies  of  the  effects  of 
corticosteroids  and  cytotoxic  agents  in  vasculltic  and  granulomatous 
diseases.   Previously  we  have  described  immpressive  results  with  cyclo- 
phosphamide in  Wegener's  granulomatosis  (WG) .   Prior  to  the  publication 
of  the  clinical  studies  of  our  patients,  WG  was  a  uniformly  fatal  disease. 
We  have  essentially  effected  long  term  remissions  and  cures  of  this 
disease  with  cyclophosphamide  therapy.   Our  results  are  now  being  con- 
firmed throughout  the  country  and  the  world.   Because  of  these  encourag- 
ing results,  we  have  now  begun  using  cyclophosphamide  in  polyarteritis 
nodosa  and  in  corticosteroid  resistant  disseminated  vasculitis.   Thus 

far  our  results  have  been  quite  favorable  with  the  same  dramatic  remis- 
sions being  accomplished  in  polyarteritis  as  in  WG.   These  reports  are 
now  in  preparation  and  are  the  most  dramatic  remissions  ever  seen  in 
this  disease. 

Besides  serving  as  excellent  study  models  of  hypersensitivity 
diseases  and  the  effect  of  cytotoxic  therapy  on  such  disease  states,  our 
experience  with  these  disorders  has  allowed  us  to  already  make,  and  to 
continue  to  make,  several  important  and  original  observations  on  the 
effect  of  low  dose  rytotoxlc  therapy  on  subpopulations  of  lymphoid  cells 
in  man . 

Ill  iitlil  1 1  toil  to  our  Hill  I'l'HMi's  with  ihffie  d  Imimhi-s  ,  wo   havf  and  arc 
rontlnulng  to  dfmonst  ratf  remarRnble  tht>rapeut  ir  succi-sses  with  radiation 
therapy  in  midline  granuloma. 
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8)  We  have  developed  a  system  of  polyclonal  activation  of  human 
peripheral  blood  T  cells  with  subsequent  general Lon  of  populations  of 
cytotoxic  effector  cells  selectively  cytotoxic  against  allogeneic  but 
not  autologous  lymphoid  targets.   The  relative  high  or  low  responsiveness 
of  various  individuals  has  been  shown  to  be  dependent  on  the  degree  of 
simultaneously  generated  suppressor  cell  activity.   These  studies  have 
clearcut  relevance  in  our  understanding  of  the  mechanisms  of  regulation 
of  autoreactivlty  and  graft  rejection. 

9)  We  are  currently  following  the  largest  single  group  of  patients 
with  the  idiopathic  hypereosinophilic  syndrome  in  the  world.   We  have 
developed  guidelines  for  the  treatment  of  this  disorder  with  cortico- 
steroids and/or  hydroxyurea  which  are  now  being  employed  at  several 
major  centers.   We  have  achieved  greater  than  90%  remission  in  this 
disease  with  our  therapeutic  regimen. 

This  patient  group  has  allowed  us  to  intensely  study  the  eosinophil. 
We  have  developed  a  unique  fractionation  procedure  for  obtaining  purified 
populations  of  eosinophils  and  have  characterized  there  surface  markers 
as  well  as  their  cytotoxic  functional  capabilities.   This  has  been 
invaluable  in  furthering  our  understanding  of  the  mechanisms  whereby 
eosinophils  cause  tissue  damage  in  the  hypereosinophilic  syndrome. 
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UMMARY   OF   WORK    (200   words   or   less   -   underline    keywords)      Surface    dependent    activation    of 

Htigeman  factor  was  shown  to  require  prekallikrein  and  high  molecular  weight  (HM1\J) 
kliilni^Hpn.   Pr>'k;i  II  I  Uri<  I  n  .'iiid  "MW  yjltPA'iJ.'''''  <'''"'■<'' •<t-<'  in  i^  I  asm;i  .is  .1  complex  nml 
IIMW  kliiliiKKoii  Iuiu'IIkum  nu   <4  uulyet'or  In  Llio  jfilprucul  <n.tivatiou  i>l  Hagaimu 
IttcLor  and  preUa  1 1  Ikrelii.   Activated  Hageman  factor  ilt^aves  prekallikrein  wlLhln 
a  disulfide  bridge  to  yield  a  two-chain  disulfide  linked  kallikrein;  the  active 
site  of  kallikrein  is  in  the  light  chain.   Kallikrein  directly  converts  plasmino- 
gen to  plasmin  and  digests  HMW-kininogen  to  yield  bradykinin.   The  light  chain  of 
HMW  kininogen  is  responsible  for  all  of  its  coagulant  activity  and  the  heavy     , 
chain  is  the  portion  in  common  with  low  mol.  wt.  kininogen.   Factor  XI  also  circu^- 
lates  bound  to  HMW  kininogen  and  factor  XI  -HMW  kininogen  functions  as  an  alternaf 
tive  complex  enzyme  that  activates  Hageman  factor  and  factor  XI   is  an  nlternativ 
activator  of  plasminogen.   This  accounts  for  the  auto  correction  of  prekallikrein 
deficient  plasma.   Assessment  of  induced  blisters  over  urticarial  lesions  has 
identified  histamine  as  one  of  the  vasoactive  mediators  of  cold  urticaria,  solar 
urticaria,  local  heat  urticaria,  and  immediate  pressure  urticaria.   Elevated 
blister  fluid  histamines  in  chronic  idiopathic  urticaria  was  also  identified  and 

is  the  first  abnormality  of  mediator  release  defined  in  that  disorder. 
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Project  Description: 
Objectives; 

1)  Determination  of  the  role  of  prekallikrein  factor  XI  and  high 
molecular  weight  kininogen  (HMW  kininogen)  in  the  Hageman  factor  dependent 
pathways  of  coagulation  and  fibrinolysis  and  kinin  formation.   Methods  for 
isolating  each  component  will  be  developed,  and  its  mechanism  of  activation 
determined.   The  role  of  plasma  inhibitors  to  control  the  Hageman  factor 
dependent  pathways  will  be  assessed.   Radioimmunoassays  or  radial  immuno- 
diffusion assays  for  assessment  of  the  bradykinin  forming  pathway  in  human 
plasma  will  be  developed  focusing  attention  upon  the  early  steps  of  the 
intrinsic  coagulation  and  fibrinolytic  pathways. 

2)  Determine  the  mechanism  by  which  the  Hageman  factor  dependent  and 
Hageman  factor  independent  fibrinolysis  occurs  when  human  plasma  is  activated. 

3)  Study  the  mechanism  by  which  negatively  charged  surfaces  interact 
with  Hageman  factor,  prekallikrein  and  HMW  kininogen  to  expose  an  active  site 
which  can  Initiate  coagulation,  fibrinolysis,  and  kinin  formation. 

4)  Further  investigation  of  the  ability  of  histamine  to  function  as  a 
chemotactic  factor  for  human  eosinophils  and  to  modulate  the  response  of 
eosinophils  to  other  agents.   The  response  of  eosinophils  to  histamine  in 
vivo  will  be  compared  to  in  vitro  observations  using  the  Boyden  chamber. 

5)  Further  investigation  of  the  pathogenesis  of  cold  urticaria, 
dermographism,  cholinergic  urticaria,  and  chronic  idiopathic  urticaria  and 
angioedema.   Attention  will  focus  upon  an  identification  of  the  vasoactive 
principles  that  cause  the  symptoms,  identifying  any  immunologic  mechanism 
that  may  play  a  role,  and  defining  the  biochemical  pathway  that  is  activated 
in  each  disorder. 

Particular  attention  will  be  given  to  the  role  played  by  IgE  antibody, 
the  human  basophil  and  mast  cell,  and  the  release  of  prostaglandins  and 
kinins  in  the  skin. 

6)  Determination  of  the  recruitment  of  non-basophil  or  mast  cell 
inflammatory  mediators  as  a  consequence  of  IgE  mediated  reactions  such 
as  an  insect  Htlng  anaphylaxis. 

Ml' I  lu'Uii    I'liiip  I  i-'^t'd  : 

Purification  of  pJasma  proteins  is  performed  utilizlnj;  affinity  chrnma- 
tography,  ion  exchange  chromatography  on  Quartcrnary  amlnoeLhyl  (QAE)  Scphadex 
and  Sulphopropyl  (SP)  Sephadex,  gel  filtration,  and  preparative  elution  from 
gels  after  isoelectric  focusing.   These  methods  have  been  applied  to  the  iso- 
lation of  unactivated  Hageman  factor,  Hageman  factor  prealbumin  fragments, 
pre-PTA  (coagulation  Factor  XI),  prekallikrein,  plasminogen  and  the  plasma 
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inhibitors  a  antitrypsin,  a.     macroglobulin,  the  inhibitor  of  the  activated 
first  component  of  complement  (Cl  INH) ,  inter  a  trypsin  inhibitor,  a  chymo- 
trypsin  inhibitor,  and  antithrombin  III.   Purity  is  evaluated  by  alkaline 
disc  gel  electrophoresis,  SDS  gel  electrophoresis,  and  isoelectric  focusing. 

Functional  assays  routinely  utilized  were  correction  of  partial  thrombo- 
plastin time  of  congenitally  deficient  plasma  to  assay  for  Hageman  factor, 
factor  XI,  prekallikrein,  and  HMW  kininogen. 

For  kinln  assays,  bradykinin  was  measured  by  bioassay  utilizing  the 
guinea  pig  Ileum.   Kallikrein  was  assayed  by  its  ability  to  generate  brady- 
kinin from  HMW  kininogen.   Prekallikrein  was  assayed  by  activation  with 
Hageman  factor  fragments  and  the  kallikrein  generated  determined.   Kallikrein 
could  also  be  assayed  quantitatively  by  cleavage  of  the  synthetic  substrate 
a-Benzoyl-pro-phe-arg-p-nitroanilide  to  release  p-nitroanil ine.   Activated 
Hageman  factor  or  factor  XI  were  assayed  by  their  ability  to  clot  deficient 
plasma  in  the  absence  of  kaolin  and  HF^  were  assayed  by  their  ability  to 
generate  bradykinin  in  EDTA-plasma. 

Plasmin  was  assayed  in  fibrin  plates.   Plasminogen  activators  were 
assayed  by  incubation  with  excess  plasminogen  and  the  plasmin  generated  was 
determined. 

Histamine  and  serotonin  were  determined  by  radioenzyme  assays. 

Mnjor  Find l_i\^s : 

1)  Prekallikrein  and  high  molecular  weight  kininogen  were  slinwn  to 
circulate  in  plasma  as  a  complex.   Thus  the  initial  kinetics  of  interaction 
with  surface-bound  Hageman  factor  are  bimolecular  rather  than  the  far  less 
probable  tri-molecular  interaction.   Hageman  factor  and  prekallikrein  then 
activate  each  other;  thus  activated  Hageman  factor  converts  prekallikrein 
to  kallikrein  and  kallikrein  activates  Hageman  factor.   HMW  kininogen 
functions  as  a  cof actor.   It  augments  the  rate  each  of  these  reactions 

and  may  do  so  in  part  by  binding  to  prekallikrein. 

2)  Ai'tivatLon  of  Hageman  factor  was  then  investigated  in  prekallikrein 
deficient  plasma.   When  other  activators  of  Hageman  factor  were  sought, 
factor  XIa  and  plasmin  were  both  found  capable  of  converting  surface  bound 
Hageman  factor  to  an  active  enzyme.   Their  activity  was  approximately  10-fold 
less  than  kallikrein.   When  binding  to  HMW  kininogen  was  investigated,  factor 
XI  was  found  to  circulate  bound  to  HMW  kininogen  while  plasminogen  was  not 
complexed.   Factor  XI  and  prekallikrein  were  shown  to  bind  to  different 

mo  I eruJfs  of  HMW  kin i nogun  thus  Hageman  factor  Interacts  with  either 
prekaJ  likrein-HMW  kininogen  or  factor  Xl-HMW  kininogen  but  not  witli  HMl-J 
kininogen  to  which  both  factor  XI  and  prekallikrein  are  bound.   HMW  kininogen 
augmented  the  activation  and/or  function  of  Hageman  factor  by  factor  XIa  but 
iiad  no  effect  upon  Hageman  factor  activation  by  plasmin.   Tims  the  interaction 
of  surface-bound  Hageman  factor  and  factor  XI-HMW-kininogen  complex  was 


Project  No.  ZOl  Al  00056-05  LCI 

considered  the  major  alternative  activation  mechanism  in  prekallikrein       i 
deficient  plasma. 

3)  The  mechanism  of  activation  of  prekallikrein  by  Hageman  factor 
fragments  (HF  )  was  elucidated.   Prekallikrein  was  isolated  to  over  95% 
purity  by  sequential  chromatography  of  plasma  on  QAE  Sephadex,  SP  Sephadex, 
Sephadex  G150,  and  passage  over  an  immunoadsorbant  to  IgG  and  B-  glycoprotein 
I.   The  isolated  procein  was  found  to  be  a  single  chain  in  two  molecular 
forms  at  88,000  and  85,000  as  assessed  by  SDS  gel  electrophoresis.   Upon 
activation  by  HF^  no  change  in  molecular  weight  was  observed,  however,  in 
contrast  to  prekallikrein,  reduction  of  disulfide  bonds  yielded  a  heavy  chain 
of  52,000  and  light  chains  of  36,000  and  33,000.   Thus  the  heterogeneity  of 
the  starting  prekallikrein  was  reflected  in  the  light  chains.   Activation 
therefore  consisted  of  cleavage  by  HF  within  a  disulfide  bond  so  that  the 
single  chain  prekallikrein  is  converted  to  a  two-chain  kallikrein  that»is 
held  together  by  disulfide  bonds.   When  kallikrein  was  incubated  with  H-DFP, 
all  of  the  tritium  was  found  in  the  light  chain  demonstrating  that  the  active 
site  of  kallikrein  is  found  in  the  light  chain. 

4)  Further  studies  of  Hageman  factor  dependent  fibrinolysis  demonstrated 
that  prekallikrein  can  function  as  a  plasminogen  proactivator ,  i.e.  upon 
activation  to  kallikrein,  the  kallikrein  can  directly  digest  plasminogen  to 
yield  the  fibrinolytic  enzyme  plasmin.   However  plasminogen  proactivator 
activity  was  found  in  the  yglobulin  fraction  of  prekallikrein  deficient 
plasma  and  further  fractionation  of  this  material  revealed  that  the  activity 
co-migrated  with  factor  XI.   Similar  activity  was  found  in  purified  factor  XI 
preparations  suggesting  that  plasminogen  proactivator  is,  in  fact,  not  a 
single  entity  but  a  function  of  both  Hageman  factor  substrates. 

5)  The  structural  features  of  HMW  kininogen  that  account  for  its  function 
as  a  coagulation  factor  were  investigated.   HMW  kininogen  was  purified  and  a 
monospecil Ic  antiserum  was  raised.   Partial  identity  by  Immunoelectrophoresis 
was  found  between  high  and  low  molecular  weight  klninogens  and  adsorption  of 
antisera  with  low  molecular  weight  kininogen  yielded  an  antiserum  that  reacted 
only  with  HMW  kininogen.   HMW  kininogen  was  found  to  be  a  single  chain  of 
molecular  weight  120,000  upon  SDS  gel  electrophoresis  after  reduction  of 
disulfide  bonds.   When  it  was  digested  with  kallikrein,  bradykinin  was  lib- 
erated (molecular  weight  '^1,000)  as  well  as  peptides  whose  molecular  weight 
totaled  approximately  14,000.   Thus  kinin-free  kininogen  was  105,000  and 
retained  full  coagulation  activity.   Reduction  of  kinin-free  kininogen  yielded 
a  heavy  chain  of  70,000  and  a  light  chain  of  35,000.   Upon  isolation  of  each 
chain  by  gel  filtration,  all  of  the  coagulant  activity  was  found  in  the  light 
chain.   The  monospecific  antibody  reacted  with  the  light  chain  and  the  anti- 
genic determinant  shared  by  high  and  low  molecular  weight  klninogens  was  found 
associated  with  the  heavy  chain.   Thus  the  specific  antigenic  determinant  that 
distinguishes  high  from  low  molecular  weight  klninogens  is  found  in  the  light 
chain  and  the  light  chain  accounts  for  all  of  coagulant  activity  of  the 
native  molecule. 
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6)  Mediator  ruJease  in  a  variety  of  forms  of  urticaria  was  investigated 
utilizing  induced  blisters  over  urticarial  lesions  and  control  skin  sites. 
Such  a  method  for  assessment  of  skin  inflammation  is  needed  for  those  dis- 
order:i  In  which  plasma  mediator  levels  are  normal.   Blisters  were  formed  by 

a  combination  of  heat  (47°C)  and  suction  (wall  vacuum)  applied  to  chambers 
attached  to  the  skin  with  a  1  cm  opening  at  the  skin-contact  surface.   A  1  cm 
sub-epiderminal  blister  forms  in  20-45  minutes,  the  fluid  aspirated,  and 
assayed.   Normals  had  0.5-16  ng/ml  histamine  in  their  blister  fluid  with  a 
mean  of  7  ug/ml .   Six  patients  with  cold  urticaria  had  control  blister  fluid 
histamines  with  a  mean  of  9  ug/ml  while  blister  fluids  over  a  hive  induced  by 
appi ical ion  ol  an  ice  cube  to  the  skin  averaged  over  40  ng/ml.   Elevated 
blister  fluid  histamines  were  also  demonstrable  in  solar  urticaria,  local 
heat  urticaria,  and  immediate  pressure  urticaria.   The  last  two  disorders  had 
equivalent  blister  fluid  histamines  over  control  and  induced  sites  because 
the  heat  and  pressure  of  the  apparatus  itself  induced  a  lesion.   Patients 
with  chronic  idiopathic  urticaria,  for  which  no  etiology  is  evident,  were 
showii  for  the  first  time  to  have  an  abnormality  in  dermal  histamine  release. 
Blister  fluid  histamines,  as  a  group,  were  over  eight  times  normal;  in  1/3  of 
patients  elevated  blister  fluid  histamines  were  also  obtained  over  normal 
appearing  skin  sites  suggesting  inflammation  at  the  site  prior  to  the  formation 
of  visible  lesions  or  an  abnormality  of  skin  mast  cells  which  are  degranulating 
in  an  abnormal  fashion  secondary  to  the  procedure. 

7)  Patients  with  a  history  of  anaphylaxis  to  insect  stings  were  challenged 
with  venom  before  and  after  immunotherapy  with  purified  venom.   None  reacted 
after  immunization  however  prior  to  immunization,  two  patients  had  anaphylactic 
reactions  with  hypoxemia,  hypotension,  and  histamlnemia.   These  patients  were 
also  shown  to  diminish  their  fibrinogen,  factor  V  and  factor  VIII  levels  to 
5-10  percent  of  normal  indicating  disseminated  intravascular  coagulation.   In 
addition  HMW  kininogen  levels  were  diminished.   Thus  secondary  recruitment  of 
the  coagulation  pathway  resulted  from  a  massive  IgE  mediated  reaction  involving 
basophils  and/or  tissue  mast  cells  and  liberation  of  bradykinin  may  contribute 
to  the  hypotension.   The  patients  recovered  without  any  residue  and  after 
immunization  with  purified  venom  and  resting,  no  reaction  was  observed. 

Significance  to  Bi omedical  Research  and  the  Program  of  the  Institute : 

The  interrelated  enzymatic  pathways  consisting  of  coagulation,  fibrino- 
lysis, and  kinin-generation  have  not  been  extensively  studied  in  human  disease. 
Till-  roll'  played  by  tlu'se  imzymes  and  their  vasoactive  and  chemotactic  by 
products  .ire  being  cvaluatod  in  various  types  of  chronic  urticaria,  angioedema, 
cholinergic  urticaria,  and  urticarial  erythemJa  multiforme.   In  addition  they 
play  an  important  role  in  the  pathogenesis  swelling  seen  in  hereditary  angio- 
edema and  may  contribute  to  the  inflammation  seen  in  atopic  dermatitis  and 
asthma.   It  is  now  clear  that  severe  IgE  mediated  reactions  such  as  anaphylaxis 
dne  to  insect  stings  and  drugs  secondarily  recruits  the  coagulation  pathway 
wliicli  in  turn,  may  contribute  to  the  tissue  pooling  and  severe  hypotension 
ili.ii  ensues.   I'nrihermore  Lipid  A  of  endotoxin  is  known  to  activate  the 
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Hageman  factor  dependent  pathways  to  initiate  intravascular  coagulation  and 
release  the  vasoactive  peptide  bradykinin  into  the  circulation. 

The  molecular  biology  of  the  Hageman  factor  dependent  pathways  is 
important  in  understanding  the  interactions  between  surfaces  and  proteins  or 
peptides  which  initiate  enzymatic  reactions.   These  principles  are  generally 
applicable  to  cell  surface-fluid  phase  interactions  throughout  the  body. 
Furthermore  the  specific  formation  of  complexes  between  the  reacting  con- 
Htitutents  and  the  activation  mechanism  of  individual  enzymes  will  enhance 
our  understanding  of  the  underlying  patho-biochemistry  and  patho-physiologic 
of  immunologically  mediated  diseases. 

This  section  has  devised  methodology  for  the  first  demonstration  of 
histamine  release  (or  any  mediator)  during  the  onset  of  urticaria.   Thus  with 
the  radioenzyme  assay,  release  into  the  circulation  at  the  time  of  episodes 
of  cold  and  cholinergic  urticaria  was  demonstrated.   However  idiopathic 
chronic  urticaria  and  angioedema  have  normal  plasma  histamine  levels  and 
their  pathogenesis  is  unknown.   Using  induced  blisters  we  now  have  a  method 
by  which  we  can  indirectly  assess  tissue  fluid  mediators;  this  technique 
could  be  applied  to  virtually  all  inflammatory  skin  diseases.   We  have  already 
shown  that  chronic  urticaria  patients  have  abnormal  release  of  histamine  into 
the  skin  thus  implicating  skin  mast  cells  and/or  recruited  basophils  in  a 
non-IgE  dependent  reaction  and  we  can  begin  to  look  for  alternative  mechanisms 
by  which  such  release  can  occur.   These  studies  of  mediators  and  enzymatic 
pathways  will  lead  to  an  understanding  of  the  pathogenesis  and  possibly  the 
etiology  of  these  diseases;  improved  therapeutic  modalities  will  hopefully 
result. 

Proposed  Course: 

We  plan  to  continue  the  studies  outlined  above  and  develop  the  ability 
to  evaluate  additional  mediator  systems  in  patients  with  immunologic  disorders. 
Some  of  the  projects  are  as  i'oiiows: 

1)  Determine  whether  the  light  chain  of  HMW  kininogen  binds  to  surfaces 
as  well  as  factor  XI  and  prekal 1 Ikrein  in  order  to  assess  wliether  these 
binding  properties  are  associated  with  its  coagulant  activities.   We  will 
also  compare  binding  of  radiolabeled  prekallikrein  and  factor  XI  to  nega- 
tively charged  surfaces  in  the  presence  and  absence  of  HMW  kininogen  to  see 
whether  HMW  kininogen  is  needed  to  bring  the  substrates  to  the  surface. 

2)  We  will  attempt  to  determine  in  which  enzyme  the  first  active  site 

is  formed  in  order  to  pin-point  the  initiating  mechanism  of  contract  activation 
of  coagulation,  fibrinolysis,  and  kinin- format ion. 

3)  Using  our  monospecific  antisera  to  prekallikrein,  factor  XI  Hageman 
factor,  and  HMW  kininogen,  we  will  assess  their  levels  (and  function)  in 
endotoxic  shock,  hereditary  angioedema,  and  other  urticarial  disorders. 
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h)      We  win  continue  to  assess  blister  fluid  histamine  levels  in  skin 
disease  and  wilJ  assay  the  fluids  for  other  mediators  such  as  serotonin, 
kinins,  ana  prostaglandins. 

5)  Utilizing  the  induced  blister  technique  will  attempt  to  assess  the 
in  vivo  significance  of  our  previous  in  vitro  observations  that  histamine  is 

a  chemotactic  factor.   It  can  then  be  compared  with  and  assayed  in  combination 
with  tlic  (-'oslnophl  1  otact  ic  tetrapeptldes  that  are  simultaneously  released 
during  allergic  reactions. 

6)  Tlic  Igi;  of  certain  patients  with  physically-induced  urticarias  will 
be  isolated  and  its  function  tested  both  i_n  vitro  and  in  vivo  in  order  to 
further  elucidate  the  mechanism  by  which  mediator  release  occurs  in  these 
disorders. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  to  cover  basic  and  applied  aspects  of  various 
pathogenic  fungi  including  their  morphology,  taxonomy,  pathogenicity,  epidem- 
iology, sexual  life  cycle  and  genetics.   The  topics  of  present  interest  include: 
1)  origin  of  the  self-fertile  isolates  of  Cryptococcus  neoformans;  2)  epidemio- 
logical and  biochemical  differences  among  four  serotypes;  3)  discovery  of  sexual 
state  in  Cryptococcus  uniguttulatus. 
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during  successive  cloning  or  transfer.   Most  probable  explanation  for  this 
phenomenon  is  that  the  self-fertile  isolates  are  diploid  and  that  somatic 
meiosis  occurs  to  become  self-sterile  a^  type.   To  prove  this  hypothesis,  we 
have  obtained  self-fertile  progeny  by  crossing  a  and  a  isolates  with  two 
different  markers.   Analysis  is  currently  in  progress. 

2.  Epidemiology  of  the  Four  Serotypes  of  C.  neoformans 

In  the  U.S.A.,  75%  of  the  272  isolates  from  infections  and  96%  of  89  isolates 
from  natural  sources  such  as  pigeon  droppings,  air  or  soil  were  of  A  serotype. 
Serotype  B  or  C  isolates  were  rare  causes  of  infection  except  in  Southern 
California  where  51%  of  49  clinical  isolates  were  of  B  or  C  serotypes.   Sero- 
type B  or  C  was  not  found  among  natural  Isolates,  including  64  Isolates  ob- 
tained from  pigeon  droppings  collected  at  ten  different  locations  in  Southern 
California.   Of  the  two  mating  types,  a   and  a,    type  £  was  strikingly  Infre- 
quent among  both  clinical  and  natural  isolates  of  all  serot3TJes.   Only  two  a 
isolates  were  found  among  89  natural  isolates  and  3  a^  isolates  among  173 
clinical  Isolates  of  serotypes  A  and  D.   Only  10%  of  serotype  B  and  C  Iso- 
lates of  clinical  origin  which  mated  with  tester  strains  were  type  £. 

3.  Biochemical  Study  on  Four  Serotypes  (A,B,C,D)  of  C.  neoformans 

Recent  discovery  of  two  sexual  states  among  isolates  of  C.   neoformans  made  it 
clear  that  C.  neoformans  is  a  heterogeneous  fungal  species.   Epidemiological 
differences  among  the  four  serotypes  which  is  described  in  the  above  also 
indicate  the  heterogeneity  of  this  pathogen.   Study  was  made  using  13  A,  19  B^ 
11  C  and  11  D  serotypes  to  see  if  any  biochemical  differences  exist  among 
these  isolates.  Ability  to  assimilate  various  dicarboxyllc  acid  as  a  sole 
source  of  carbon  was  tested.   The  results  showed  that  B  and  C  isolates  as- 
similate malic  acid,  while  A  and  D  Isolates  did  not.   Tests  with  the  radio- 
labeled malic  acid  showed  that  the  difference  In  malic  acid  assimilation 
between  the  AD  and  BC  serotypes  is  due  to  the  differences  in  the  transport 
system.  These  biochemical  differences  support  the  genetic  evidence  that 
there  are  at  least  two  distinct  species  among  the  isolates  of  C.   neoformans. 

4.  Biochemical  Mutants 

Various  mutants  of  F.  neoformans  were  obtained  by  UV  treatment  of  tester 
strains.   They  included  adenine  auxotrophs,  cyclohexlmide  resistant  Isolates, 
5-FC  resistant  isolates,  phenol  oxidase  negative,  and  urease  negative  iso- 
lates.  The  biochemical  lesion  of  these  isolates  will  be  characterized  and 
will  be  used  for  genetic  marker. 

5.  Perfect  State  of  Cryptococcus  uniguttulatus 

Cryptococcus  uniguttulatus  was  considered  as  a  variety  of  C.  neoformans  on 
the  basis  of  morphological  and  physiological  similarities  with  C.  neoformans. 
The  differences  which  separated  the  species  and  the  variety  were  the  smaller 
capsule  and  inability  to  grow  at  37'*C  by  the  variety.   The  variety  was  raised 
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to  a  species  status,  C.  unlguttulatus,  in  1970  on  the  basis  of  additional 
differences  from  C.  neof ormans ;  assimilation  of  galactltol  as  a  sole  carbon 
source  and  creatinine  as  a  sole  nitrogen  source  by  C.  neoformans  but  not  by 
C.   unlguttulatus.  The  sexual  state  of  C.   unlguttulatus  was  found  to  belong 
to  the  same  family  but  different  genus  ylth  that  of  C.  neoformans .  The  sex- 
ual state  of  C.   unlguttulatus  was  described  as  Filobasidium  uniguttulatum. 
Mechanism  of  basidiospore  formation  and  the  dimension  of  basidi,al  structures 
°^   filobasidium  uniguttulatum  is  entirely  different  from  Filobasldiella  neo- 
formans ,  the  sexual  state  of  C.  neoformans.   The  mating  in  C.  unlguttulatus 
appears  to  be  controlled  by  one-locus  two-allele  system.   Discovery  of  F. 
uniguttulatum  unequivocally  supports  the  species  status  of  C.   unlguttulatus. 
In  fact,  it  is  clear  that  C.    unlguttulatus  is  phylogenetically  closer  to 
C^.  albidus  than  to  C.  neoformans. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

1.  The  epidemiological  study  on  mating  types  revealed  that  the  predominating 
type  which  causes  infection  is  o^  mating  type  of  A  serotype. 

2.  The  epidemiological  and  biochemical  study  on  four  serotypes  of  Crypto- 
coccus  neoformans  support  the  previous  mycologlcal  and  genetic  findings 
that  the  species  C.   neoformans  contain  at  least  two  distinct  fungi.   The 
epidemiologic  study  reveals  that  the  natural  source  of  B  and  C  serotypes 
is  not  the  pigeon  as  has  been  commonly  believed. 

3.  The  phylogenetic  position  of  C.   neoformans  revealed  by  its  sexual  state 
now  provides  a  better  clue  for  the  source  of  infection.   Since  all  the 
fungus  belonging  to  family  Filobasidiaceae  have  been  isolated  from  plant 
material,  the  primary  reservoir  of  C.   neoformans  may  also  be  the  plants. 

4.  Finding  of  the  sexual  state  of  Cryptococcus  unlguttulatus  provides  an 
unambiguous  criterion  to  establish  a  phylogenetics  of  this  organism 
which  was  considered  as  a  variety  of  C^.  neoformans  until  1970. 

Proposed  Course; 

M;i.)or  effort  will  be  to;   1)  clarify  the  genetic  basis  of  self-fertile 
iHolatew  of  C.  neolurmflnH,  2)  chnrnoterlzat Ion  of  biochemical  mutants, 
'))  H'-'t't'' i«"  unalyalH  of  drug-reslstancy  unil  other  markers,  and  4)  detection 
of  natural  reservoir  of  B  and  C  serotypes  of  C.  neoformans. 

Publications: 

1.  Wong,  V.  G.,  Kwon-Chung,  K.  J.  and  Hill,  W.  B. :  Koch's  postulates  and 
experimental  ocular  histoplasmosis.   In  Schlaegel,  T.  F.  (Ed.): 
International  Opthal.  Clin.   Boston,  Little  Brown  and  Co.,  1975,  Vol.  15, 
pp  139-145. 

2.  Kwon-Chung,  K.  J.:  Morphogenesis' of  Filobasldiella  neoformans,  the 

309 

'•'•'  'V  /  fA!:i.  NO.   I 


Project  No,   ZOl  AI  00057-04  LCI 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  pathogenesis  of  herpesvirus  infections  in  man  and  in  experimental  animals 
are  investigated  by  characterization  of  viral  isolates  and  examination  of  humoral, 
and  cell-mediated  immune  responses.   Development  of  iimnune  adherence  hemagglu- 
tination (I AHA)  techniques  provides  a  practical  and  sensitive  method  to  detect 
antibody  to  herpes  simplex  (HSV)  and  varicella  zoster  (V-Z)  viruses.   Absence  of 
lAHA  antibody  is  associated  with  increased  risk  of  dissemination  of  herpes 
zoster  infection.   The  efficacy  and  mechanism  of  action  of  antiviral  compounds 
are  examined  in  clinical  trials,  as  well  as  in  vitro.   One  such  compound,  ara-A. 
appears  to  decrease  mortality  in  herpes  simplex  encephalitis  and  accelerates 
resolutionp  of  akin  lesions  in  varicella  infections  In  thr  iTnmunosuppressed. 
Add  i  L  ionul  LrJals  in  V-Z  and  HSV  infections  are  curifiiLly  underway. 
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Project  Description:  \ 

Objectives: 

1.  To  determine  the  pathogenesis,  host  defense  mechanisms,  and  natural 
history  of  herpes  virus  infections  in  man,  in  both  host-defense  compromised 
and  intact  hosts. 

2.  To  evaluate  the  efficacy  of  antiviral  agents  in  the  treatment  of  herpes 
virus  infections  in  man.   These  Infections  include  herpes  simplex,  herpes 
zoster,  cytomegalovirus  and  EB  virus. 

3.  To  develop  in  vitro  methods  to  study  the  activity,  mechanisms  of  actions, 
pharmacology,  and  interrelationships  of  antiviral  agents. 

4.  To  develop  laboratory  animal  models  in  which  to  study  pathogenesis  of 
herpes  virus  infections  and  the  effect  of  antiviral  substances. 

Methods  Employed: 

1.  Patients  with  Infections  with  herpes  simplex,  herpes  zoster,  cytomegalo- 
virus, and  Epstein-Barr  virus  are  referred  to  the  Medical  Virology  Section 
from  the  Clinical  Center,  National  Naval  Medical  Center,  or  other  local  hos- 
pitals or  practicing  physicians.   Patients  who  are  hospitalized  are  studied 
at  the  Clinical  Center  or  at  NNMC,  while  those  who  are  ambulatory  are  seen  in 
the  outpatient  clinic  of  the  LCI. 

2.  Viruses  Isolated  from  the  above  patients  are  characterized  in  human  dip- 
loid fibroblasts  and  in  human  fetal  tracheal  and  intestinal  organ  cultures. 
The  effect  of  antiviral  compounds,  such  as  adenine  arablnoslde,  cytosine 
arabinoside,  idoxuridine,  and  phosphonoacetic  acid  on  clinical  Isolates  are 
studied  in  tissue  and  organ  culture. 

3.  Host  defense  responses  to  herpetic  viral  Infections  are  examined  in  the 
above  patients.   These  include:   (a)  levels  of  circulating  and  locally  pro- 
duced antibodies;  (b)  cell-mediated  immune  responses;  i.e.,  skin  test  sensi- 
tivity, mitogen  and  antigen  stimulation  of  peripheral  lymphocyte  cultures, 
lymphocyte  cytotoxicity  against  virus-infected  target  cells,  and  circulating 

B  to  T  cell  proportions;  and  (c)  systemic  and  local  (e.g.,  vesicle)  interferon 
production. 

A.   The  cllnlrnl  efficacy  of  ar«-A  In  the  treatment  of  herpes  zoster  and 
horpoM  HlmpU'x  InlectlonH  in  the  Immunonuppreased  is  investigated  in  a  ran- 
domized, controlled,  doiible-l)l  I  nd  Study  In  collahorat  Ion  with  a  NIAID- 
supported  nationwide  trial  of  which  the  principal  Investigator  is  project 
officer. 
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Major  Findings: 


1.  Establishment  of  inimune  adherence  hemagglutination  (lAHA)  technique 
for  measurement  of  antibody  to  varicella-zoster  (VZ)  and  herpes  simplex 
virus  (HSV). 

Measurements  of  antibody  to  VZ  virus  have  been  hampered  by  the  lack  of  sensi- 
tive, yet  practical,  techniques.   The  complement  fixation  (CF)  technique  is 
easy  to  perform  but  markedly  insensitive,  while  immunofluorescence  (FA), 
though  more  sensitive,  is  cumbersome.   The  lAHA  test  utilizes  whole  VZ  virus 
as  antigen,  guinea  pig  complement,  and  a  source  of  antibody.   Antigen- 
antibody-C3b  complexes  bind  to  red  cells,  and  hemagglutination  can  be  read 
within  24  hrs.   The  lAHA  test  appears  to  be  of  equal  sensitivity  to  FA. 
StudieH  of  13  cases  of  varicella  showed  all  had  titers  of  <4  by  lAHA  in  acute 
.specimens,  and  titers  of  >48  in  convalescence.   Herpes  zosti-r  occurred  in 
41/67  patJents  In  the  presence  of  detectable  lAHA  antibody.   However,  tlie 
occurrence  of  zoster  without  detectable  serum  antibody  was  associated  with 
dissemination  in  77.8%  of  such  patients.   Thus,  the  absence  of  serum  lAHA 
antibody  is  a  significant  risk  factor  in  dissemination  and  suggests  that  such 
antibody  prevents  hematogenous  spread  of  virus.   This  observation  Implies  that 
passive  immunization  may  be  of  benefit  in  this  category  of  patient.   It  is  of 
interest  that  absence  of  CF  or  FA  antibody  is  not  associated  with  increased 
risk  of  dissemination,  suggesting  that  antibody  populations  of  different  bio- 
logical functions  are  being  measured.   The  lAHA  technique  is  now  being  used 
by  our  laboratory  to  manage  nosocomial  varicella-zoster  Infections  at  the 
Clinical  Center. 

Similar  lAHA  techniques  have  now  been  established  to  measure  antibodies  to 
HSV,  whicli  appear  to  be  as  sensitive  as  neutralization  tests,,  and  appear  in 
preliminary  studies  to  be  more  efficient  in  distinguishing  type  I  from  type  2 
infections.   Current  studies  are  underway  to  apply  the  lAHA  technique  to  meas- 
ure antibody  to  EBV,  for  which  there  is  no  convenient  antibody  test. 

2.  Clinical  trials  of  systemically  administered  ara-A  in  herpes  simplex  and 
zoster  infections  in  immunosuppressed  patients. 

■  1 .   Herpes  Slmplt>x  Enceplinl  itJLs:   Data  from  the  NIAFD  collaborative  study  was 
.m.ilyzed  iMrlior  this  yt'.ir.   28  patients  were  enrollotl  in  a  landonii  :;ed , 
placebo-controlled  study  in  which  patients  received  aru-A  (15  mg/kg  lV/24  hrs. 
for  10  days)  or  placebo.   13/18  ara-A  treated  patients  survived,  while  only 
3/10  placebo-treated  survived  (p  =  .03).   Six  of  13  survivors  had  moderate  or 
no  neurologic  defects.   Ara-A  was  not  associated  with  significant  toxicity  at 
this  dose.   Thus,  administration  of  placebo  was  halted,  although  additional 
ara-A  treated  patients  are  being  enrolled.   Additional  studies  comparing  ana- 
logues of  ara-A,  and/or  alternative  regimens  of  administration,  are  being 
planned  for  the  future. 

b.   Varicella :   Data  from  the  crossover  study  of  19  immunosuppressed  patients 
with  varicella,  treated  with  ara-A,  were  analyzed  during  the  past  year. 
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Patients  who  received  ara-A  early  in  illness  manifested  more  rapid  elimination 
of  virus  from  vesicles  (p  =  .015)  and  cessation  of  new  vesicle  formation 
(p  =  .026).   These  data  are  consistent  with  the  previous  findings  from  the 
completed  crossover  herpes  zoster  studies  (NEJM  294:1193-1199,  1976).   A      j 
placebo  controlled,  noncrossover  study  is  underway. 

c.  Herpes  Zoster;  The  randomized,  double-blind,  noncrossover  trial  of  herpes 
zoster  in  Immunosuppressed  patients  tre.ited  within  72  hrs.  of  onset  of  lesions 
with  ara-A  (10  mg/kg/24  hrs.  x  5  days)  is  in  Its  second  year.  Twelve  patients 
from  this  unit  have  been  studied  during  the  past  year. 

d.  Herpes  Simplex  Infections:   Three  Immunosuppressed  patients  with  progres- 
sive mucocutaneous  infections  were  entered  in  the  ara-A  trial.   One  neonate 
with  cutaneous  involvement  was  also  entered.   This  latter  patient  survived 
with  severe  neurologic  sequelae. 

3.  Recurrent  herpex  simplex  infections  of  the  genital  and  orofacial  areas 
in  man. 

a.  The  outpatient  program  previously  established  to  study  such  patients  was 
continued,  with  enrollment  of  125  patients.   Clinical  characteristics  of 
recurrent  infections,  sites  and  duration  of  lesions,  and  nature  of  precipita- 
ting factors  were  compiled.   Viral  isolates  continued  to  be  collected  from  a 
variety  of  sites,  and  in  vitro  growth  characteristics  are  being  compared. 

b.  Immune  Responses;   We  had  shown  previously  that  recurrent  infections, 
types  1  and  2,  occur  in  the  presence  of  high  levels  of  circulating  antibody, 
and  also  are  associated  with  increased  levels  of  lymphocytotoxicity  against 
HSV-infected  cells.   Because  of  recent  data  in  mice,  we  examined  the  potential 
requirement  for  histocompjit Ibl llty  between  cytotoxic  offpctors  and  targets, 
using  circulating  lymphocytes  as  target  cells.   HSV  1  and  2  were  grown  to  high 
titer  in  lymphocyte  cultures,  and  the  donor's  own  lymphocytes  as  well  as 
lymphocytes  from  HLA  unrelated  donors  were  used  as  effectors.   Cytotoxicity 
was  equally  efficient  in  both  systems.   These  techniques  should  be  useful  for 
examination  of  histocompatibility  requirements  for  cytotoxicity  in  other  viral 
infections  in  man. 

c.  Trials  of  topical  antiviral  therapy  are  planned  for  the  upcoming  year  in 
this  patient  population,  pending  receipt  of  approval  for  human  use  of  candi- 
date compounds  by  the  FDA. 

4.  Epstein-Barr  virus  (EBV) 

Studies  on  the  effect  of  ara-A  on  replication  of  EBV  are  being  continued. 
Ara-A  was  previously  shown  In  this  laboratory  to  inhibit  expression  of  struc- 
Lur.'il  vlidl  i(i|i,slcl  |)r()tolnH,  hut  not  early  antiK''ii.   (4irri>nt  snidles  ;)re  boln^; 
<-;irrl(<(l  oiii  (1)  fliicldmi'  tlic  imili'cuiar  mechanism  of  iUIh  fnhiblrton  by  assay- 
ing lor  viral  DNA  lonlciit  In  lymphocyte  cultur<-s.   Tin.-  el  leer  oi    iira-A  on 
transformation  of  I  ymplimy  t  f  k  by  EBV  is  being  studied  in  fftal  and  adult  human 
Ijmiphocytes. 
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Additional  studies  are  planned  to  evaluate  the  clinical  mnnlf«atat Ions  of  EBV 
shedding  by  iiranunosuppressed  patientSj  and  the  potential  ^  vivo  effe<~i  of 
administration  of  ara»?A  on  EBV  excretion  in  those  setting^ 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute; 

Herpes  virus  infections  are  a  significant  and  widespread  cause  of  morbidity 
in  normal  adults  and  children,  as  well  as  in  neonates  and  in  the  immunosup- 
pressed.   Herpes  simplex  encephalitis  is  the  most  common  fatal  encephalitis 
in  the  United  States.   Herpes  genitalis  appears  to  be  increasing  in  incidence 
in  the  United  States  and  has  been  associated  with  cervical  cancer.   Varicella- 
zoster  infections  are  more  frequent  and  severe  in  immunosuppressed  patients. 
The  above  studies  suggest  that  ara^-A  may  reduce  mortality  in  herpes  simplex 
encephalitis  and  accelerate  resolution  of  skin  lesions  in  varicella-zoster 
infections.   Definition  of  the  precise  clinical  usefulness  of  this  compound 
requires  additional  studies,  and  no  other  treatment  of  established  efficacy 
is  available.   Studies  on  the  pathogenesis  and  host  response  in  herpes  virus 
infections  should  further  define  their  risk  as  well  as  suggest  control  meas- 
ures.  The  availability  of  relatively  nontoxic  compounds  such  as  ara-A  offers 
a  promising  modality  for  the  treatment  of  these  infections.   Studies  with  this 
and  related  agents  can  serve  as  models  for  the  evaluation  and  use  of  other 
antiviral  drugs  which  may  be  subsequently  developed. 

Proposed  Course; 

Clinical  trials  with  antiviral  agents  will  continue  and  be  expanded,  including 
the  initiation  of  a  trial  of  topical  therapy  in  the  herpes  simplex  genitalis 
population  described  above.   The  effect  of  ara-A  on  EBV  in  vivo  in  man  will  be 
studied  by  examining  viral  excretion,  antibody  response,  and  clinical  param- 
eters in  immunosuppressed  patients  who  receive  the  compound.   The  molecular 
mechanism  of  action  of  ara-A  will  also  be  investigated.   Host  response  to  her- 
pes virus  infections  in  patients  will  continue  to  be  studied,  with  continued 
emphasis  on  cell-mediated  immunity  and  its  relationship  to  latency  and  react- 
ivation.  Antigens  which  elicit  cell-mediated  immune  responses  will  be  cha- 
racterized.  Varicella-zoster  isolates  from  a  variety  of  clinical  settings 
will  be  analyzed  for  nucleic  acid  content  by  restrictive  nuclease  fragments 
to  detect  potential  clinical  correlates. 
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The  events  governing,  intrinsic  to  and  resulting  from  the  immunologically-mduced 
secretion  of  the  mediators  of  anaphylaxis  from  human  and  animal  tissues  are  being 
studied.   The  relationship  between  cyclic  GMP  and  enhanced  release  of  mediators 
from  human  lung  tissue  was  defined.   The  mechanism  by  which  cyclic  nucleotides 
modulate  IgE-dependent  mediator  release  reflects  the  state  of  assembly  of  micro- 
tubules.  The  release  of  mediators  was  associated  with  subsequent  increases  in 


cyclic  AMP  and  cycl_lc  GMP  which  were  attributable  to  histamlnj'  interacting  with 
II- 1  Miul  il-'.'  r.-iM>pt  or.'i.   SI  Imulation  of  H-1  rocept  ors  n'sulis  in  cvolu-  C^tP  olfva-i 
lions  anil  pf  ostagi  .iiui  In  synlhesia. 

Rat  maa^  cells,  human  basophils  and  human  lung  mast  cells  release  superoxide 


Both  0, 


ndi 


(0  )  and  superoxide  dismutase  (SOD)  as  a  consequence  ot  anaphylaxis, 
SOD  were  localized  to  the  secretory  granule.   The  RMC  also  generates  0^  upon"con-j 
tacting  schistosomula  in  the  presence  of  immune  serum.  { 

Human  eosinophils,  encountering  C3b  coated  sepharose  beads  attach  to  the  sur^ 
face  and  secrete  granule  associated  enzymes.  The  human  platelet,  like  the  eosinoj- 
phil,  contains  aryl-sulfatase  Ila  and  lib, 

gests  SRS-A. ^II^_^IZ1 
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Partially  purified  aryl- 


sulfatase  dl-| 
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Project  Description:  ; 

Objectives ; 

The  goals  of  my  laboratory  are  to  expand  our  knowledge  of  all  aspects  of 
immediate  hypersensitivity  reactions.   Our  particular  expertise  and  focus  is 
on  defining  the  biochemical  events  which  occur  concomitant  to  the  triggering 
of  allergic  reactions,  the  neurophysiologic  mechanisms  which  potentially  mo- 
dulate these  events  and  the  characterization  of  the  mediators  of  anaphylaxis. 

We  are  concentrating  on  four  primary  areas:   1)  Employing  human  lung 
tissue,  we  study  "asthma  in  a  test  tube"  in  order  to  understand  the  immuno- 
logic triggers,  biochemical  concomitants  and  neurophysiologic  controls  of 
mediator  release  as  well  as  a  search  for  new  effector  molecules;  2)  Rat  peri- 
toneal mast  cells  are  studied  as  a  pure  source  of  effector  cells  which  may  be 
readily  studied  In  vitro  and  may  amplify  as  well  as  initiate  new  areas  of  in- 
terest in  relationship  to  the  human  lung  model;  3)  Clinical  allergic  asthma 
is  being  evaluated  in  an  extensive  protocol  designed  to  expand  our  understand- 
ing of  the  neurophysiologic  mileau  of  allergic  Individuals;  and  4)  Studies  in- 
volving other  cell  types  involved  in  immediate  hypersensitivity  such  as  the 
eosinophilic  leukocyte,  the  platelet  and  the  mucous  cell  are  being  continued 
in  order  to  define  their  role  in  human  disease. 

Methods  Employed; 

1)  Human  lung  model:   Lungs  removed,  usually  for  cancer  resection,  al- 
most always  contain  large  amounts  of  normal,  functioning  lung  tissue.   We 
obtain  these  lungs  in  cooperation  with  the  surgical  and  pathology  departments 
of  all  the  major  hospitals  in  the  Washington  and  Maryland  areas.   The  lung 
tissue  is  washed,  fragmented  and  replicated  into  200  mg  "chunks"  and  subse- 
quently Incubated  In  dilutions  of  allergic  serum  for  2  hours  at  37°C  or  18 
hours  at  25°C.   Alter  this  "sensitization"  period,  the  serum  is  removed  and 
the  fragments  challonged  with  nllergin.   The  interaction  of  the  allergln  with 
ti.sauf  (matiL  cell)  Uoiiiul  IrK  Induces  the  releaso  o\    litnLamlne,  slow  reacting 
Hiil)Ht(MHf  of  ;innphyl/ixlM  (SRS-A)  ,  i-oslnophll  chcmotuxlc  factor  of  anaphylaxis 
(KCK-A),  proHtuBlaiuniiM  Kj  and  1''  ^  (PCl^,  and  T^OK.,,^)  and  0~   plus  SOD.   Theae 
mediators  may  be  ansayed  on  the  laolated  terminal'  portion'of  the  guinea  pig's 
ileum  (Histamine,  SRS-A),  chemotactic  chambers  (ECF-A) ,  by  radioimmunoassay 
(PGE^  and  PGF„  ),  by  chemilumenecance  or  cytochrome  C  reduction  (O-),  or  by 
prevention  of  0  reactions  (SOD) . 

We  have  been  determining  alterations  in  the  tissue  levels  of  cyclic  AMP 
and  cyclic  CMP  after  treating  lung  with  various  agonists  in  order  to  define 
the  role  these  nucleotides  play  in  modulating  the  release  of  mediators.   Cy- 
clic AMP  may  be  measured  by  either  a  protein  kinase  binding  assay  or  radio- 
immunoassay while  cyclic  GMP  is  determined  by  radioimmunoassay  after  acety- 
'  lation  or  succinylation. 

2)  Rat  mast  ccIIh:   R/it  peritoneal  and  pleural  mast  cells  are  obtained 
from  froHlily  nju'rlflnul  imilc  Sprngue-Dawlay  or  ACI  rats  by  lavage  of  these 
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cavities.   The  peritoneal  cells  include  5%  mast  cells  (or  approximately  500,000 
to  1  million/animal) .   The  cells  are  used  either  in  mixed  cell  suspensions  or 
after  purification  by  centrifuging  them  into  albumen  cushions. 

3)  Clinical  asthma  study:   The  methods  employed  in  this  study  are  covered 
in  detail  in  the  clinical  protocol  and  include:   a)  measurement  of  cutaneous 
blood  flow  by    xenon  disappearance;  b)  pupillary  responses  as  measured  by  a  ' 
binocular  pupil lometer;  c)  airway  obstruction  as  measured  by  flow-volume  curves 
with  and  without  helium  Inhalation;  d)  serum  cyclic  nucleotide  responses  after 
beta  adrenergic  stimulation;  and  5)  eccrine  sweat  responses  as  measured  after 
intracutaneous  Mecholyl  administration. 

4)  Eosinophils:   Human  eosinophils  obtained  from  patients  with  idiopathic 
hypereosinophilia  or  from  allergic  patients  with  high  grade  eosinophilia  react 
with  C3b  coated  sepharose  beads  with  the  release  of  granule-specific  enzymes 
such  as  aryl-su] fatase .   Aryl  sulfatase  is  measured  by  the  conversion  of  para- 
nltrocatechol  to  paranltrocatechol  sulfate.   Other  enzymes  whioli  are  usually 
assayed  Include  beta  glucuronidase,  lactic  dehydrogenase  and  lysozyrae;  all  by 
standard  methods. 

5)  Platelets:   Platelet  rich  plasma  or  purified  platelets  are  employed 
for  the  isolation  of  aryl-sulfatases.   SRS-A  is  obtained  by  treating  rats  with 
intraperitonal  sheep  anti-Rat  IgE  and  subsequently  lavaging  the  peritoneal 
cavity.   Both  the  platelet  aryl-sulf atase  and  rat  SRS-A  are  partially  purified 
by  chromatography  (DEAE  +  G-200  for  aryl-sulfatase  and  alcohol  extraction  fol- 
lowed by  base  hydrolysis  and  amberlite  XAD-7  for  SRS-A) . 

Major  Findings: 

Over  the  past  15  months,  we  have  encountered  several  interesting  findings: 

a)  Human  lung  tissue  treated  with  acetylcholine  (or  other  cholinergic 
agonists)  or  PGF-   responds  with  an  impressive  increase  in  cyclic  GMP  levels 
without  a  significant  alteration  in  cyclic  AMP  levels.   The  cyclic  GMP  ele- 
vations induced  by  acetylcholine  are  closely  related  to  enhancement  of  the 
IgE-dependent  release  of  histamine  and  SRS-A  when  analyzed  either  kinetically, 
by  dose-response  and  in  response  to  receptor  antagonists.   Pretreatment  of 
lung  with  aspirin  has  no  effect  on  cholinergic  enhancement  of  medintor  release 
or  I'villc  GMP  li'vi'ls  HugKi'HtlnK  tlial  prostaglandins  arc  not  Involved  In  the 
)i/ir;i.'ivin|i/i  I  lii't  I  I'.'i  I  I  V  I  iirluccrl  l'i'(tpomii>  . 

b)  Nelthor  lurnwin  lung  mast  cells  or  rat  mast  coIIh  wore  Inhibited  In 
their  immunologic  responsiveness  by  the  mlcrotubu lar-hjndlnn  agent  culchtcine 
until  these  tissues  were  chilled  to  4°C  for  30-60  mln .   After  chilling,  which 
is  known  to  be  capable  of  disaggregating  microtubules,  colchicine  (and  other 
microtubule  agents)  were  effective  inhibitors  of  mediator  release.   Colchicine 
does  not  bind  to  intacit  polymerized  microtubules;  instead,  it  binds  only  dis- 
assembled subunits.   Therefore,  one  can  interpret  the  capacity  of  colchicine 
to  inhibit  the  immunologic  release  of  mediators  as  an  indirect  retlection  of 
the  state  of  assembly  of  microtubules:   Failure  of  colchicine  to  Inhibit 
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release  may  indicate  that  the  microtubules  are  in  their  polymerized,  colchicine- 
resistant  state  while  inhibition  by  colchicine  indicates  disassembly  of  micro- 
tubules to  their  colchicine-sensitive  subunit  form. 

F:!levatlon  of  cyclic  GMP  levels  In  human  lung  prevented  the  capacity  of 
chilling  to  disrupt  microtubules  suggesting  that  cyclic  GMP  stabilizes  micro- 
tubules.  Elevations  in  cyclic  AMP  substituted  for  chilling  in  facilitating 
Inhibition  by  colchicine  possibly  indicating  disassembly  of  microtubules  by 
cylic  AMP. 

c- )   Analysis  of  the  cylcic  nucleotide  content  of  lung  tissue  after  ana- 
phylaxis revealed  a  massive  and  rapid  Increase  in  the  cyclic  AMP  and  cyclic 
GMP  contents.   The  pattern  of  nucleotide  formation  paralleled  mediator  release: 
both  histamine  and  protaglandins  were  assayable  at  the  time  of  neuclotide  re- 
sponse.  While  aspirin  pretreatment  did  not  prevent  these  responses  (suggesting 
that  they  were  not  related  to  prostaglandins),  antihistamines  did  affect  the 
phenomena.   H-1  antagonists  (pyrilamine  and  diphenhydramine)  prevented  the  cy- 
clic GMP  increase  while  H-2  antagonists  (cimetidine  or  metiamide)  prevented 
the  cyclic  AMP  elevation. 

d)   The  immunologic  release  of  prostaglandins  from  human  lung  tissue  was 
analyed.   Botli  PGE  and  PGF„  are  rapidly  synthesized.   PGF„   synthesis  predo- 
minates (lOX  the  amount  of  PGE),  is  assayable  30  sec  after  antigen  challenge, 
peaks  at  10-15  min  and  declines  thereafter.   The  pattern  of  initial  release 
paralleled  histamine  and  H-1  antagonists  prevented  PGF„   formation.   Histamine 
itself  induced  PG  F„ .  release  and  this  effect  was  likewise  prevented  by  H-1 
antagonists. 

(•)   Hura/in  c'OHlnophilH  wor«'  found  to  attach  to  Sepharose  AB  beads  only 
nftiT  Intubating  tl>e  beads  with  serum.   Tlie  attachment  phaso  was  followed  by 
the  discharge  of  granular  enzymes  including  aryl-sulf atuse  (A-S) ,  b-glucuroni- 
dase  and  lysozyme  but  not  by  lactic  dehydrogenase.   Heated  sera  and  C3  defi- 
cient sera  were  ineffective  at  inducing  eosinophil  enzyme  release  while  C2, 
C4,  C5,  and  C6  deficient  sera  were  as  effective  as  normal  sera.   As  the  enzyme 
releasing  ability  of  C3  deficient  sera  was  reconstituted  by  the  addition  of 
C3,  a  complement  dependent  reaction  involving  C3  was  suggested.   This  reaction 
required  Mg   which  indicated  involvement  of  the  alternative  pathway.   Human 
RBC  adhere  to  serum-treated  Sepharose  indicating  the  presence  of  C3b  on  the 
surface.   In  addition,  rabbit    I-anti  C3  b/c  bound  to  the  beads.   Heating 
serum  treated.  Sepharose  in  2  M  NaCl  removed  the  immune  adherence,  anti  C36/C 
binding  and  the  eosinophil  enzyme  releasing  capacity  suggesting  that  all  3 
phenemona  were  related . 

Nc  M  1^11 1  f  f('/ii)t  roll'  III  !«(;  wuH  foiMiil  In  rosinophil  adhtn*ence  to  st'pharoHf. 

Tlu'Ht'  iliii.i  MunKt"-^'!  111.'  |ii  oNfiiic  of  C3b  recaptoi  H  on  eoHinophlls  which  may 
function  to  induce  eniivmf  release. 

f)  Human  platelets  were  found  to  contain  aryl-sulfatases  which  were 
characterized  by  size,  charge,  elution  pattern  from  DEAE  cellulose  colume 
chromatography,  susceptability  to  inhibition  by  sulfate  and  phosphate  and 
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classified  as  Types  TIa  nnd  lib.   Partially  puritied  A-S  was  capable  of  degra4- 
ing  rat  SRS-A  suggesting  a  possible  role  of  the  platelet  in  destroying  SRS-A  ; 
generated  by  allergic  reactions. 

g)   Rat  mast  cells  generate  0   simultaneously  with  histamine  release  after 
both  immunologic  and  nonimmunologic  challenges.   The  quantity  of  0   formed  is  , 
comparable  to  that  generated  by  phagocytosing  macrophages  or  neutrophils.   In 
addition  to  0  ,  SOD  is  also  released.   The  subcellular  site  of  both  0„  and  SOD 
was  traced  to  the  secretory  granule.   Purified  mast  cell  granules  release  SOD 
and  generate  0  .    j 

Human  basophils  (obtained  form  a  patient  with  basophilic  leukemia)  generate 
0  after  lmmunologic_challenge.  Basophil  lysates  contain  SOD.  Human  lung  frag- 
ments also  release  0  after  either  direct  or  reversed  passive  anaphylaxis. 

Both  rat  and  mouse  mast  cells  encountering  schistasomula  in  the  presence 
of  immune  sera  adhere  to  the  parisite  and  release  histamine  and  generate  0  . 
The  reaction  requires  immune  sera  (presumably  IgG)  for  0„  and  histamine  re- 
lease while  adherence  is  dependent  only  upon  C3b. 

h)   The  response  of  6  volunteers  to  intraveous  isoproterenol  has  been 
studied  to  date.   Significant  cardiovascular  responses  (increase  in  pulse 
pressure  >25  and  pulse  rate  >25)  have  occured  at  15±1  ng/kg/min.   PlastM  cy- 
clic AMP  responses  are  being  evaluated. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

Increased  understanding  of  the  mechanisms  of  immediate  hypersensitivity 
and  its  controls  may  eventually  make  it  possible  to  better  treat  the  44  mil- 
lion Americans  with  allergic  rhinitis,  the  15  million  with  asthma  and  the  22 
million  with  urticaria.   The  model  systems  employed  permit  sophisticated  analy- 
sis of  many  of  the  aspects  involved  ixi^  vivo.   Direct  consequences  from  our 
previous  Htudlc's  h/is  been  the  development  of  atropine- 1  ike  agents  in  asthma 
ami  .1  iimch  liiiri-  .ipprci- lat  Lon  for  the  pliarmacci  U)gv  of  .ml  l-all  crp,  Ic  drugs. 

The  consequences  of  increased  cyclic  (JMP  Ln  allergic  diseases  has  pre- 
viously been  suggested  on  the  basis  of  indirect  evidence  but  has  now  been 
clearly  defined.   The  enhancement  of  mediator  release  by  cholinergic  agents 
combined  with  a  marked  cholinergic  hyper-responsiveness  intrinsic  in  allergic 
patients  suggests  a  basic  defect  perhaps  of  a  genetic  nature  as  fundamental 
to  the  disease. 

Delineation  of  the  microtubule  effects  of  cyclic  neucleotides  in  human 
mast  cells  further  defines  the  site  of  action  of  these  intracellular  messen- 
gers.  These  studies  require  further  amplification. 

The  cyclic  nucleotide  alterations  of  lung  tissue  as  a  result  of  anaphylaxis 
suggests  that  the  capacity  of  lung  tolorance  additional  mediators  with  subse- 
quent exposure  to  antigen  may  be  modified  both  by  the  duration  and  degree  of 
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these  changes.   Elevated  cyclic  GMP  levels  could  enhance  while  cyclic  AMP  would 
inhibit  release.   Furthermore,  the  quantitiy  of  PGF„  ,  PGE  and  presumably  the 
thromboxanes  and  prostacyclincs  are  in  part  related  to  the  quantitiy  of  hista- 
mine released  by  anaphylaxis.   As  both  the  protaglandln  response  and  cyclic 
GMP  response  are  H-1  mediated,  the  relative  sensitivity  of  patients  in  regards 
to  H-1  versus  H-2  might  have  profound  consequences  in  regards  to  the  clinical 
course,  pattern  and  progression  of  their  disease. 

Eosinophils  encountering  non-phagocytosable  surfaces  coated  with  C3b  re- 
lease a  major  protion  of  their  granule-associated  enzymes.   The  signifance  of 
this  observation  may  relate  to  schistasomala  which  are  known  to  fix  C3b ,  to 
have  eosinophils  attached  to  them,  and  to  be  killed  as  a  result  of  eosinophil 
adherence. 

The  observation  that  human  platelets  contain  aryl-sulfatases  which  may 
digest  SRS-A  suggasts  that  these  cells  may  aggregate  upon  encountering  an 
allergic  reaction  which  has  generated  platelet  activating  factor  and  throm- 
boxanes resulting  in  enzyme  release.   The  discharged  A-S  might  function  to 
destroy  SRS-A. 

The  consequences  of  superoxide  generation  are  presently  being  examined. 
Some  patients  respond  to  either  the  intradermal  or  intrabronchial  introduction 
of  antigen  with  an  immediate  response  which  is  short-lived  followed  by  a  de- 
layed reaction  A-6  hours  later  which  is  IgE-dependent .   It  seems  possible  that 
the  tissue  destruction  induced  by  0„  may  be  responsible  for  the  delayed  re- 
actions.  Another  more  direct  result  of  O^  generation  may  relate  to_the  inter- 
action of  mast  cells  with  schistasomula.   This  reaction  generates  0^  along  with 
histamine  and  may  be  the  initial  defense  mechanism  against  invasive  parasites. 

Findings  from  the  above  studies  are  being  directly  translated  into  clini- 
cal protocols  involving  asthma  and  urticaria.   This  unique  combination  of 
basic  science  and  clinical  study  reflects  the  goals  of  the  NIH,  and  the  LCI 
in  particular. 

Proposed  Course: 

We  are  continuing  many  of  the  studies  outlines  herein  and  are  shifting 
our  emphasis  in  other  areas: 

1)  Human  lung  tissue:   a)   With  John  Inman  (LI,  NTAID) ,  we  are  prepar- 
ing a  radioimmunoassay  for  thromboxane  B„.   We  are  developing  T.L.C.  systems 
and  silicic  acid  chomatography  in  order  to  permit  a  much  more  detailed  analy- 
sis of  prostaglandin  release  after  anaphylaxis.   The  end  result  is  to  define 
the  relationship  of  prostaglandin  synthesis  and  asthma,   b)   With  Curt  Harris 
(NCI,  NIH)  and  Thomas  Boat  we  are  initiating  long  term  culture  of  human  lung 
tissue  and  analysis  of  mucus  secretion.   The  project  is  designed  to  define 
the  response  of  mucus-secroting  cells  to  anaphylaxis. 

2)  K.it  mast  ciJls:   .i)   Wc  are  presently  devcloiilng  a  system  (.-apablc  oi 
isolating  secretory  granules  with  intact  peri-granular  membranes  in  order  to 
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compare  and  contrast  these  granules  with  tnir  usu.i]  preparation,   b)   The  role 
of  myeloperoxidase  in  anaphylaxis  is  under  study,   c)   An  investigation  into  ■ 
which  enzyme  system  is  responsible  for  0„  generation  is  presently  under  studyL 
d)   With  David  Lagunoff,  we  are  examining  the  micro  tubular  response  of  mast 
cells  to  increased  levels  of  cyclic  nucleotides.   e)   With  Elaine  Gallin  (NMRI , 
Bethesda  NavaJ  Hospital),  we  are  examining  the  response  of  the  mast  cell  to 
membrane  depolarization. 

3)   Clinical  asthma  study:   a)   The  responses  of  patients  to  intravenous 
isoproterenol  is  presently  underway.   b)   The  eccrine  sweat  responses  to  intra- 
cutaneous mecholyl  is  underway.   c)   The  response  of  cutaneous  circulation  to 
alpha  adrenergic  agents  is  underway.   d)   The  release  of  0„  from  peripheral 
basophils  is  proposed. 

Publications : 

1.  Kaliner,  M. :  The  cholinergic  nervous  system  and  immediate  hypersensitivity. 
I.  Eccrine  sweat  responses  in  allergic  patients.  J.  Allergy  Clin.  Immunol. 
58:  308-315,  1976. 

2.  Kaliner,  M. ,  Blennerhassett ,  J.  and  Austen,  K.F.:   Bronchial  asthma.   In 
Meischer,  P. A.,  and  Muller-Eberhard ,  H.J.  (Eds.):   Textbook  of  Immunopath- 
ology.   New  York,  Grune  &  Stratton,  1976,  pp.  387-401. 

3.  Kaliner,  M.  and  Austen,  K.F. :   Biochemical  characteristics  of  immediate 
hypersensitivity  reactions.   In  Weiss,  E.  B. ,  and  Segal,  M.  S.  (Eds.). 
Broncheal  Asthma:   Mechanisms  and  therapeutics.   Boston,  Little,  Brown 
and  Co.,  1976,  pp.  163-171. 

4.  Kaliner,  M. :   Human  lung  tissue  and  anaphylaxis.   The  role  of  cyclic  GMP 
as  a  modulator  of  the  immunologlcally-induced  secretory  process.   >J. 

Allergy  Clin.  Immunol.   In  press. 

5.  Kaliner,  M. :   Human  lung  tissue  and  anaphylaxis:   Evidence  that  cyclic 
nucleotides  modulate  the  immunologic  release  of  mediators  through  effects 
on  microtubular  assembly.   J.  Clin.  Invest.   In  press. 

6.  Metcalfe,  D.  I).,  Gadek,  J.  E.,  Raphael,  G.  D.,  Frank,  M.  M. ,  Kaplan,  A.  P., 
and  Kaliner,  M.  :   Human  eosinophil  adhurencf  to  serum  treated  Sepharose: 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  mechanism  of  leukocyte  activation  by  chemotactic  factors  has  been  stu- 
died using  e lee trophysio logy  florescent  probe,  surface  change  and  ultra structural 
techniques 


Studies  assessing  the  mechanism  of  modulating  leukocyte  locomotion  indicate  ' 
that  in  neutrophils  secretion  of  specific  granules,  which  accompanies  chemotaxis , 
is  associated  with  membrane  changes  and  inhibition  of  chemotaxis.  In  related  ex-[ 
periments  it  was  found  that  although  cAMP  inhibited  chemotaxis  this  Inhibition  I 
correlated  with  the  effect  of  cAMP  on  inhibition  of  cCNP  accumulation  and  not  on 
the  locomotory  apparatus  of  the  cell  per  se.  j 

Two  Jlopjjlatlonj[  of  iicut  roph  I  Ij  have  been  Idont  If  icd  ,  purified  and  function- 
ally distinguished  In  nornwi  I  peripheral  blood.   Clinical  studU-H  nrc   currently   | 
underway  to  assess  the  lilologlcjil  significance  of  these  neutrophil  populations. 
In  other  clinical  studies  assessing  phagocyte  function  in  patients  with  compro- 
mised host  defenses,  a  patient  with  markedly  increased  cGMP  and  increased  micro- 
tubule assembly  has  been  identified.   The  pharmalologic  agents  levamisole  and 
ascorbate,  which  effect  cGMP  and  locomotion  in  vitro,  are  being  studied  for  their 
In  vivo  pffpcts  on  phagnrytp-fiincrion  and  the  clinical  course  of  selected  patientb 
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Pro  j  eel Dc'scrlptzlon:  ... 

Objectives : 

1)  Study  the  phenomenon  of  neutrophil  deactivation  by  chemotactic 
factors  and  the  relationship  between  deactivation  and  enzyme  secretion. 

2)  Study  modulation  of  leukocyte  locomotion  by  oAMP  and  cGMP. 

i)   Study  the  t!  1  ee  trophy  a  ioiogy  ,  surface  charge,  cation  fluxes  and 
cation  localization  during  leukocyte  activation  by  chemotactic  factors. 

4)  Develop  techniques  for  the  isolation  and  characterization  of 
neutrophil  subpopulations  in  normal  subjects  and  patients  with  defective 
phagocyte  function. 

5)  Study  the  effects  of  pharmcologic  agents  on  leukocyte  function 
in  v: tro  and  iM   vivo . 

6)  Evaluate  phagocytic  cell  function  in  patients  with  recurrent 
pyrogenic  infections  and  identify  patients  with  defective  phagocyte 
functions. 

7)  Ahscks  the  role  of  fibroblast  secretory  products  on  the  inflam- 
nuitory  reHpoiiHc. 

8)  Assess  the  role  of  alveolar  macrophage  secretory  products  on 
the  inflammatory  response  of  the  lung. 

Methods  Employed: 

Peripheral  blood  leukocytes  were  separated  from  heparinzed  whole 
blood  by  dextran  sedimentation  and  hypaque-f icoll  separation.   Chemotaxls 
was  evaluated  using  a  radioassay  employing   Cr  labeled  leukocytes  and  a 
double  micropore  filter  system  or  a  single  filter  measuring  the  distance 
migrated  into  the  filter  by  the  population  of  responding  cells.   Calcium 
flux  studies  were  performed  measuring  the  release  of   Ca  from  prelabeled 
cells  (efflux)  or  the  uptake  of   Ca  by  leukocytes  (influx). 

The  electrophysiology  of  cultivated  human  macrophages  was  studied 
using  standard  intracellular  recording  techniques  and  in  human  PMNs 
potential  changes  were  estimated  using  the  fluorescent  probe  dipentyloxa- 
carbocyanine  with  a  dual  beam  fluorescent  spectrophotometer.   Leukocyte 
surface  charge  was  measured  using  a  Zeiss  cytopherometer  and  leukocyte 
cyclic  nucleotide  levels  were  determined  with  standard  radioimmune  assay 
tecimiques . 
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The  cytoskeleton  ot  polymorphonucleart  leukocytes  was  studied  during 
conditions  of  chemotaxis  and  chemoklnesls  using  0.45  pm  micropore  filters. 
These  small  filters  impede  leukocyte  migration  but  permit  pseudopod 
penetration  and  a  fixed  orientation  of  leukocytes  in  a  gradient  of 
chemotactic  stimulus  is  thereby  established.   After  fixation  serial 
sections  of  adjacent  cells  were  studied  using  standard  electron  microscopic 
techniques.   Secretion  of  leukocyte  granule  enzymes  were  monitored  by 
Htandard  apectrophoiometr  Ic  techniquos.   Polymorphonuclear  leukocyte 
granuli'H  were  separated  and  fractionated  using  sucrose-gradient  techniques 
and  various  enzyme  markers  were  utilized  to  identify  granule  types. 

Major  Findings: 

1)  During  chemotaxis,  human  neutrophils  selectively  secrete  specific 
granules  and  this  secretion  is  associated  with  slowing  of  neutrophil 
migration.   The  inactlvatlon  of  neutrophil  locomatlon  associated  with 
secretion  is  irreversible  and  is  associated  with  marked  decreases  in 

cell  surface  charge.   The  agents  ionphore  A23187 ,  phorbol  myrlstate 
acetate  and  concancvalin  A,  which  initiate  specific  granule  secretion, 
cause  inhibition  of  neutrophil  chemotactic  reponsiveness.   The  degree  of 
inhibition  of  chemotaxis  correlates  with  the  amount  of  enzyme  secreted 
and  conditions  (ionic  requirements  and  kinetics)  of  secretion.   During 
the  process  of  secretion  there  is  a  large  decrease  in  the  surface  charge 
of  the  cell.   It  is  postulated  the  inhibition  of  migration  associated 
with  secretion  is  related  to  changes  in  the  cytoplasmic  membrane  during 
exocytosis  and  fusion  of  granule  membranes  with  the  plasma  membrane. 

2)  Modulation  of  monocyte  chemotaxis  by  cAMP  and  cGMP  was  shown  to 
be  inhibited  by  the  former  and  stimulated  by  the  latter,  confirming 
prior  reports.   However,  control  of  chemotaxis  by  cyclic  neucleotides  is 
directly  controlled  by  the  level  of  cGMP  and  not  cAMP.   Inhibition  of 
chemotaxis  with  increased  cAMP  is  best  correlated  with  the  effect  of 
cAMP  on  the  level  of  cGMP.   For  example,  agents  which  raise  cAMP  and 
inhibit  chemotaxis  block  accumulation  of  cGMP  whereas  agents  which  raise 
cAMP  but  have  little  or  no  effect  on  chemotaxis  have  no  effect  on  cGMP. 

3)  Studies  of  the  electrophysiology  of  the  activation  of  cultured 
human  macrophages  by  chemotactic  factors  revealed  that  exposure  of  cells 

to  partial  I y  purified  dn   or  the  pure  synthetic  N-formvl  peptide  chemoattrac- 
lanLN  roHullH  In  n    prompt,  lulul  depolarization  foilowcJ  by  sustained 
hypcrpolnr  l/.iit  Ion  l  hut  pi  i-icrtlH  pneudopod  formation.   Tho  iK-polar  t/.at  ion 
probably  relects  Ca^  and/or  Na   Influx  while  the  hyperpoiarlzatlon  most 
likely  reprusenta  K  ctliux.   Similar  data  wtre  obtained  using  human 
peripheral  blood  PMNs  using  the  fluorescent  probe  dipentyloxacarbocyanin. 
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A)   Using  the  pyroantimonate  fixation  technique  polarization  of 
tissue  cations  to  the  leading  end  of  migrating  human  neutrophils  has 
been  demonstrated.   This  probably  reflects  deposition  of  Ca   and/or  Na 
at  submembranous  sites  in  the  migrating  cells. 

5)  Using  hypaque-conray  gradients  two  populations  of  human  neutro- 
phils (7SEA  resetting  and  non-rosetting)  have  been  separated  into  greater 
than  95%  pure  fractions.   Functionally  these  populations  are  quite 
distinct  as  cells  which  rosette  7SEA's  have  superior  chemotactic,  phago- 
cytic and  bactericidal  activity.   In  vivo,  abscess  cavities  contained 
greater  than  95%  pure  7SEA  resetting  neutrophils. 

6)  The  ability  of  human  neutrophils  to  secrete  specific  granules 
upon  stimulation  with  ionophore  A23187 ,  phorbol  myristate  acetate  or 
adherance  to  nylon  wool  was  assessed  after  in  vivo  colchicine  or  predni- 
sone.  Both  agents  administered  ±n   vivo  inhibited  the  ability  of  neutro- 
phils to  secrete  specific  granules  in.  vitro.   In  related  studies  a  new 
sensitive  technique  was  developed  for  measuring  neutrophil  specific 
granule  content  in  small  quantities  of  whole  blood  using  acridine  orange 
stained  cells  and  a  cytof luorograph  4800. 

7)  Levamisol  was  shown  to  stimulate  leukocyte  chemotaxis  in  concen- 
trations which  can  be  obtained  in  vivo.   In  each  of  5  patients  with  the 
syndrome  of  elevated  IgE,  recurrent  pyrogenlc  infections  and  defective 
chemotaxis,  levamisole  corrected  the  chemotactic  defect  of  the  patients' 
cells  towards  normal. 

8)  Ascorbic  acid  was  administered  to  C57  beige  (Ch«diak-Higashi) 
mice  and  C57  black  controls.   Following  treatement  with  ascorbic  acid 
the  chemotactic  defect  characteristic  of  the  C57  beige  mice  was  corrected 
towards  normal.   In  vivo  bethanecol  and  carbachol  had  no  effect  on  the 
leukocyte  chemotaxis  of  these  animals. 

9)  A  patient  with  recurrent  severe  pyrogenlc  infections  was  found 
to  have  n  scvprn  defect  of  leukocyte  locomotion  associated  with  markedly 
increased  cGMP  and  increased  microtubule  assembly. 

10)   Patients  with  erythema  elevatum  diuitum  and  recurrent  infections 
were  shown  to  have  defective  chemotaxis.   The  clinical  disease  and 
cliiiiuU  ,-ic  t"  i  c  dd'octs  arc  exquisitely  responsive  to  treatment  with  dapsono . 
UcceiU  studies  in  two  patients  have  impiic;itcd  tliat  the  defective  chcmo- 
l;ixls  seen  111  ihlH  illscMijf  is  aBSOClated  wl(h  .i  laige  change  in  the 
percL-nt  1)1  neuLrophils  bearing  receptors  lor  7SEA.   Whereas  normally 
80/,  111  neutrophils  will  rosette  with  7SF.A  In  two  patients  with  this 
disorder  less  than  20%  of  neutrophils  formed  7SEA  rosettes. 
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11)  Human  fibroblasts  cultured  ^  vitro  were  shown  to  secrete  at 
least  two  chemoattractants  which,  based  on  elutlon  on  G-75  Sephadex,  had 
molecular  weights  of  greater  than  150,000  and  about  5,000  daltons. 
These  attractants  appear  distinct  from  previously  described  chemotactic 
factors.   These  are  protein  in  nature  and  attract  both  polymorphonuclear 
leukocytes  and  monocytes.   Elaboration  of  this  material  in  vitro  is 
inhibited  by  colchicine  (10  M) . 

12)  Alveolar  macrophages  obtained  from  rhesus  monkeys  or  guinea 
pigs  synthesize  and  secrete  a  small  molecular  weight  (less  than  5000 
dalton)  chemoattractant  which  preferentially  attracts  neutrophils  in 
vitro  and  upon  nerosol  Izntlon  to  the  lung  in  vivo.   Tliis  factor  is 
srcrt* t«'d  followlnR  phngorytosiH  of  Staphylococci  in  vitro  and  is  thought 
to  bi!  Important  In  mobilizing  tho  inflammatory  response  In  vivo. 

13)  During  experimental  malaria  splenic  macrophages  were  shown  to 
secrete  a  chemoattractant  selective  for  monocytes.   It  appears  this 
factor  may  be  important  in  spleen  macrophage  accumulation  in  malaria. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute: 

The  accumulation  of  leukocytes  at  inflammatory,  immune  and  allergic 
sites  is  critical  for  appropriate  responses.   Understanding  the  physio- 
logic basis  for  events  regulating  these  processes  will  perhaps  provide  a 
basis  for  pharmacologic  manipulation.   Studies  of  the  elecrophysiology , 
cation  localization  and  microtubule  and  microfilament  function  in  the 
phagocytic  cell  are  particularly  appropriate  in  this  regard.   The  inter- 
rclationsliip  between  inhibit  ion  of  leukocyte  locomotion  and  enzyme 
secret  Ion  may  shed  inslglit  Intci  the  basis  for  defiTtlve  chemotaxls  in 
certain  dlseascK. 

The  observations  that  levamisol  in  vivo  corrects  the  chemotactic 
responses  in  certain  patients  with  defective  function  and  the  observation 
that  ascorbic  acid  improves  phagocyte  function  in  a  strain  of  mice  (C57 
beige)  with  a  disorder  analogous  to  the  Chedlak-Hlgashl  syndrome  of  man 
are  exciting.   Appropriately  controlled  clinical  trials  with  these 
agents  are  planned. 

Demonstration  of  two  populations  of  circulating  neutrophils  in 
normal  subjects  is  potentially  important  and  in  addition  to  investigating 
the  relative  proportion  of  these  populations  in  disease  states,  we  are 
investigating  the  Interaction  of  pharmacolgic  agents  (e.g.  steroids) 
with  the  neutrophil  membrane  to  better  understand  the  mechanism  of 
pharmacologically  compromised  host  resistance.   The  demonstration  of 
factors  secreted  by  fibroblasts  and  macrophages  which  can  initiate  early 
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inflammatory  responses  provide  new  information  for  understanding  how 
host  defenses  in  the  lung  and  skin  may  be  modulated.   In  addition,  these 
latter  observations  open  areas  for  pursuing  further  studies  of  the  role 
of  fibroblasts  and  neutrophils  in  controlling  both  inflammatory-immune 
responses  and  perhaps  the  healing  process  as  well. 

Proposed  Course :  , 

ft  is  planned  to  continue  some  of  the  studies  outlined  above. 
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Laboratory  of  Infectious  [Jiseases 
National  Institute  of  Allergy  and  Infectious  Diseases 
July  1,  1976  through  September  30,  1977 

Ihe  main  focios  of  the  research  programs  of  LID  continues  to  be  the  natural 
history  and  prevention  of  the  three  major  uncontrolled,  acute  infectious 
diseases  of  man — acute  respiratory  tract  disease,  viral  hepatitis  and  acute 
gastroenteri  tis .  Broad  advances  were  made  in  each  of  these  areas  during 
1976-1977. 

Hepatitis 

lid's  research  program  on  human  viral  hepatitis  spans  the  entire  area  of 
contemporary  inquiry  ranging  frcsn  basic  studies  concerned  with  the  structure 
and  chemistry  of  hepatitis  viruses  to  evaluation  of  experimental  hepatitis 
B  vaccines  for  safety  and  efficacy.  During  the  past  year  significant 
progress  was  made  on  all  fronts. 

Hepatitis  A  -  Hepatitis  A  viral  antigen  was  purified  fron  feces  and  used  in 
newly  developed  immunoassays  for  antibody  to  chart  the  epidemiology  of 
infection  in  defined  populations.  Over  3000  sera  fron  different  geographic 
areas  were  studied  for  antibody  to  hepatitis  A  by  the  sensitive  serologic 
technique  of  imnune  adherence  hemagglutination  (lAHA) .  It  was  shewn  that 
the  probability  of  infection  with  hepatitis  A  virus  was  directly  related  to 
age  and  to  infection  with  hepatitis  B  virus  and  inversely  related  to 
socioeconanic  status.  Further,  the  risk  of  hepatitis  A  virus  infection 
appeared  not  to  be  related  to  sex  or  race  but  varied  in  different  parts  of 
the  world  as  a  function  of  hygiene  and  social  develojxnent.  Unlike  hepatitis 
B  virus,  infection  with  hepatitis  A  vinos  does  not  appear  to  be  influenced 
by  iimtunodef iciency  or  immunologic  inmaturity  nor  does  it  occur  via  inoculation 
of  blood  or  blood  products.  There  was  no  evidence  for  chronic  infection 
with  a  carrier  state  involving  blood  or  the  intestinal  tract.  Finally, 
hepatitis  A  virus  ranains  a  major  cause  of  sporadic  hepatitis  among  urban 
adults,  but  plays  only  a  minor  role  in  fulminant  hepatitis  and  has  no  role 
in  chronic  liver  disease. 

A  fluorescent  antibody  test  for  hepatitis  A  antigen  was  developed  and  this 
permitted  localization  of  antigen  within  the  infected  cell  for  the  first 
time.  Antigen  was  seen  only  within  the  cytoplasm. 

The  infectivity  of  several  fecal  suspensions  containing  hepatitis  A  virus 
was  measured  in  chirrpanzees .  A  pool  of  stools  derived  fron  the  1974  San 
Diego  outbreak  had  a  titer  of  >10  chinponzee  infectious  doses  (CID[-q)  , 
while  another  pool  containing  stools  frcm  experimentally  infected  volunteers 
titered  >^10  CID^   These  observations  provide  the  first  indication  of  the 
large  amount  of  hepatitis  A  virus  shed  by  infected  individuals. 

HepatitiB  R  -  'lTif'n>  has  been  considerable  cnntrt-iv<n-sy  concerning  a  role  for 
cx'1  i    tiKvli.il.'d    iiiiiiniiily    (OAl)    in   tJnu  l«t-liCxjuJK':;i.;;  ul    lu.jpuL  iLia  tJ  dis«^»t;c. 
'rttflcrvaMoii;!  iiidlf  (liitimi  extensive  studies  |if>t-|()mt>(l    in   1,10  during  the  \\=\st 
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year  failed  to  support  such  a  role  for  CMI.  For  exairple,  there  was  no 
relationship  between  CMI  responses  and  resistance  of  chiirpanzees  to 
experimental  challenge,  nor  did  CMI  appear  to  be  related  to  ej^ression 
of  illness  by  the  infected  chimpanzee. 

In  collaboration  with  German  scientists,  an  attempt  was  made  to  correlate 
the  various  markers  of  hepatitis  B  virus  infection  with  clinical  expressicai 
of  illness.  Tlie  markers  of  active  and  ongoing  virus  replication  (serum 
DMA  polymerase  activity,  e  antigen,  elevated  anti-HBc  titer  and  damonstration 
of  HBc  Ag  in  nuclei  of  liver  cells)  all  correlated  positively  with  the 
presence  of  chronic  active  or  chronic  persistent  hepatitis;  these  mcirkers 
were  generally  absent  in  the  inapparent  carrier  of  HBs  Ag. 

Similarly,  the  markers  of  DNA  polymerase  activity  and  e  antigen  correlated 
positively  with  high  infectivity  of  blood  v^en  exposure  was  via  inadvertant 
needle-stick.  This  study,  an  expansion  of  a  previous  preliminary  study, 
yielded  another  interesting  finding:  whereas  DNA  polymerase/e  antigen 
positive  blood  produced  clinical  hepatitis  in  inadvertent  recipients  of 
that  blood,  DNA  polymerase/e  antigen  negative  blood  produced  inapparent 
infection.  This  interesting  finding  will  require  additional  stxxty, 
since  the  relaticsiship  between  titer  of  virus  and  clinical  eaqsression  of 
infection  was  not  seen  in  previous  titration  experiments  in  chinpanzees. 
Thus,  other  as  yet  undefined  factors  may  be  operative  in  determining 
v^iether  exposure  to  HBV  leads  to  clinical  illness  or  inapparent  infection. 

We  proposed  previously  that  hepatitis  B  virus  infection  may  represent  an 
exaitple  of  a  defective  interfering  particle  system.  This  was  based  upon 
the  identification  of  "heavy"  Dane  particles  that  were  polymerase 
positive  and  "light"  Dane  particles  that  were  polymerase  negative. 
Subsequently,  a  popxiLation  of  Dane  particles  intermediate  in  density  and 
positive  for  polymerase  (but  weakly  so)  was  discovered  by  our  collaborators 
Dr.  Kaplan  and  Dr.  C^erin.  These  particles  fit  the  definition  of  classical 
defective  interfexing  particles. 

Extensive  tests  of  safety,  antigenicity,  and  efficacy  of  hepatitis  B 
subunit  vaccines  were  carried  out  in  chinpanzees.  Three  vaccines  were 
evaluated:  monovalent  subtype  adw  and  ayw  vaccines  and  a  bivalent 
vaccine  prepared  frcm  a  blend  of  the  two  monovalent  vaccines,  i^roxiraately 
one  hundred  chimpanzees  vtere  utilized  in  this  evaluation,  viiich  is 
almost  ccitplete.  All  three  vaccines  appear  to  be  safe,  antigenic  and 
capable  of  protecting  against  type  B  hepatitis  following  challei>ge  with 
live  virus .  ;^proval  for  administration  of  the  adw  vaccine  to  adiilt 
volunteers  has  been  obtained,  and  approval  for  the  other  two  vaccines 
will  be  sought  as  soon  as  final  testing  is  conpleted.  Ccrtparison  of 
these  vaccines  with  vaccines  prepared  by  Merck,  Sharpe  and  Dohme  and  ty 
Maupas  in  France  reveal  a  much  higher  specific  activity  (antigen  titer 
per  microgram  of  protein)  for  the  NIAID  vaccines.  This  difference  is 
reflected  in  the  antibody  response  of  chinpanzees  Veiccinated  with  the 
various  vaccines.  Ihis  is  significant  since  the  protective  effect  of 
inactivated  vaccine  appears  to  reside  in  its  ability  to  stimulate  humoral 
immunity,  rather  than  cellular  immunity.  The  hepatitis  B  subunit 
vaccines  will  be  tested  for  safety  in  a  lew  risk  population  before  being 
tested  for  efficacy  in  high  risk  populations.  Baseline  studies  of  lew 
risk  populations  (Trappist  Monks)  and  of  high  risk  populations  (patients 
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and  staff  of  hemodialysis  units)  are  already  in  progress.  Doth  populations 
appear  to  be  suitable  for  their  respective  purposes. 

Although  hepatitis  B  vaccines  are  feasible  and  will  undoubtedly  be  used 
for  certain  high  risk  populations  in  the  future,  there  remain  betvreen 
150  million  and  200  million  people  in  the  world  at  any  one  time  who  eire 
chronically  infected  with  hepatitis  B  virus.  Sequelae  of  such  infections 
include  progressive  chronic  active  hepatitis,  leading  to  chirrhosis  and 
death.  In  ,Asia  and  Africa  hepatic  cell  carcincxna  may  also  be  a  late 
effect  of  hepatititj  B  virus  infection.  In  addition,  individuals  chronically 
infected  with  hepatitis  B  virus  are  potentially  infectious  to  contacts. 
A  stabilized  form  of  polyriboinocynic-polyribocytidylic  acid,  (poly  IC) , 
an  inducer  of  interferon,  was  administered  to  chiitpanzees  chronically 
infected  with  hepatitis  B  virus.  All  markers  of  hepatitis  B  virus 
infection  were  markedly  diminished  by  such  treatment,  although  the 
effects  were  temporary  and  viral  activity  returned  to  pretreatment 
levels  following  cessation  of  treatment.  Similar  results  were  obtained  in 
patients  by  Stanford  researchers  using  exogenous  interferon.  These        # 
studies  mark  the  first  successful  specific  treatment  of  chronic  viral 
hepatitis . 

Non-A,  Non-B  Hepatitis  -  The  diagnosis  of  non-A,  non-B  hepatitis  continues 
to  be  one  of  exclusion,  and  much  effort  is  being  expended  in  the  search 
for  a  serologic  test  for  this  disease  (or  diseases) .  Recently,  an  antigen 
distinct  from  hepatitis  A  and  B  antigens  was  found  in  acute  phase  sera  of 
two  patients  with  non-A,  non-B  hepatitis.  Studies  of  serial  serum  samples 
f ran  these  patients  revealed  that  the  appearance  of  the  antigen  and  its 
disappearance  were  tenporally  related  to  hepatitis.   The  antigen  was 
detected  by  solid-phase  radioimmunoassay  and  a  modification  of  the  test 
permitted  detection  of  antibody  to  the  antigen.  Neither  patient  ejdiibiting 
the  antigen  had  antibody  prior  to  exposure;  both  developed  chronic  hepatitis 
and  neither  developed  antibody.  Thirty-two  patients  with  non-A,  non-B 
hepatitis  were  evaluated  for  antibody:  22  had  such  antibody  prior  to 
exposure,  and  none  developed  a  serologic  response.  Serial  sera  frcm  9  of 
the  10  seronegatives  were  available  for  testing.  Only  the  2  original 
antigen-positive  patients  had  detectable  antigen,  and  none  of  the  rotiaining 
patients  seroconverted.  Thus,  if  the  newly  detected  antigen  is,  indeed, 
specific  for  a  type  of  non-A,  non-B  hepatitis,  other  serologically  unrelated 
agents  must  account  for  the  other  cases  of  non-A,  non-B  disease.  The  non- 
A,  non-B  antigen  was  si±>jected  to  preliminary  biophysical  characterization. 
It  was  found  to  band  in  cesium  chloride  at  a  density  of  1.34  g/an  and  to 
be  pelleted  by  high  speed  centrifugation.  Thus,  the  antigen  is  associated 
with  a  particle  with  a  density  consistent  with  that  of  a  virus.  Atteirpts 
to  visualize  such  a  particle  by  iirmune  electron  microscopy  have  been 
unsuccessful  so  far,  possibly  because  the  antigen  is  present  in  relatively 
lew  titer. 

Attempts  have  continucxi  to  transmit  non-A,  non-B  hepatitis  to  various 
species  of  non-human  primates.  To  date,  none  have  been  successful  with 
the  possible  exception  of  studies  in  cynaniolgous  monkeys.   In  two  separate 
experiments,  animals  inoculated  with  serum  frcm  patients  with  non-A,  non-B 
hepatitis  developed  low  level  transaminase  elevations  that  were  scma*iat 
cyclic  in  nature  and  that  persisted  for  as  long  as  18  months. 
(Purcell,  Feinstone,  McAuliffe,  Shimizu,  Y. ,  Swiderska,  Slusarczyk,  Mcaritsugu, 
Matheisen,  Hess)  33^' 


Acute  Gastroenteritis 

During  the  past  few  years  there  has  been  a  virtual  e^^losion  of  infontation 
cxsnceming  the  causes  of  acute  infectious  gastroenteritis  and  the  epidemiology 
of  the  different  etiologic  agents  that  produce  this  tr^'pe  of  disease.  Our 
contributions  to  these  new  insights  have  been  mainly  in  the  area  of  detecting 
new  viral  enteric  pathogens  responsible  for  acute  epidenac  gastroenteritis 

(i.e.,  the  27  nm  Norwalk,  Hawaii  and  Montganery  CJounty  viruses)  and  describing 
the  biophysical  and  epidemiologic  characteristics  of  the  human  rotavirus 

(human  reovirus-like  agent  or  HRVL  agent)  of  infantile  diarrhea.  In 
addition,  the  human  rotavirus  was  propagated  in  culture  for  the  first  time 
and  it  was  transmitted  to  a  number  of  experimental  animals  (naAxDm  monkeys, 
calves  and  piglets),  inducing  diarrheal  diseause  in  each  instance. 

During  the  past  year  we  have  broadened  the  scope  of  our  studies  to  include 
seme  of  the  inportant  bacterial  pathogens  responsible  for  acute  gastroenteritis, 
especially  enterotoxigenic  E^  ooli  that  produce  a  heat  labile  toxin  (LT) . 
As  a  result  we  are  now  in  a  position  to  investigate  itost  of  the  major 
causes  of  acute  gastroenteritis  both  in  the  laboratory  and  in  the  field. 

Rotavirus  -  The  importance  of  the  human  rotavirus  in  infantile  diarrhea 
was  confirmed  during  collaborative  studies  with  Drs.  Kim,  Parrott,  Brandt, 
and  Rodriguez  of  the  Qiildren's  Hospital  National  Medical  Center,  D.C. 
^^proximately  43%  of  pediatric  patients  hospitalized  for  acute  gastroenteritis 
were  infected  with  rotavirus.  The  virus  has  exhibited  a  sharp  seasonal 
pattern  during  the  past  3  years  with  infection  peaking  in  January  (83%  of 
diarrhea  patients  shedding  rotavirus  during  this  month)  and  being  undetectable 
during  late  spring,  sumner  and  early  fall. 

Study  of  family  contacts  indicated  that  55%  of  peurents  were  infected  about 
the  time  of  their  child's  rotavirxis  illness  indicating  that  familial 
Bpread  rxrcnircvl  cxmiionly.  MoHt  of  the  .idult  iuCi)ClioiiH  vnwo   aHyitT|.Jtaiuitic:. 
Inffv-trYj  (ildeT  ;'.1^)1  iiv|,'i  or  ivirmts  may  be  the  Mourro  ot  inl<»c't  ion  for 
infanta  and  young  children  who  have  little  contact  with  others  of  their 
age  groi^"  outside  the  family. 

The  response  of  adult  volunteers  to  experimental  rotavirus  infection  was 
studied  in  an  attenpt  to  define  ininunologic  correlates  of  resistance  and 
susceptibility.  Fourteen  individuals  participated  in  the  study.  Six  had 
a  moderate  or  high  level  of  serum  rotavirus  antibody.  Two  individuals 
became  infected  but  they  did  not  beccme  ill.  In  contrast  5  of  8  volunteers 
with  a  low  preexisting  titer  of  serum  antibody  became  infected  and  4 
developed  a  definite  illness,  either  gastroenteritis  (3  individuals)  or 
fever  (one  person) .  Thus  we  have  identified  a  serologic  correlate  of 
resistance  to  the  virus.  The  designation  "correlate"  should  be  errf^iasized 
since  it  is  likely  that  local  intestinal  itmunitY  (secretory  IgA  antibody) 
plays  a  more  important  role  than  serum  antibody  in  resistance.  It  has 
been  difficult,  if  not  inpossible,  to  identify  adults  without  preexisting 
serum  eintibody  to  rotavirus.  However,  the  fact  that  illness  can  be  induced 
in  sane  adults  who  possess  small  amounts  of  serum  antibody  is  encouraging 
since  the  effectiveness  of  potential  vaccines  can  be  evaluated  in  such 
susceptible  adult  volunteers.  Also,  the  mechanism  of  iitinunity  to  rotavirus 
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is  now  amenable  to  study  in  adults.  For  exaitiplc,  <.i  reclixil  h'nyc  HLudy  of 
volunteers  who  developed  illness  on  initied.  challenge  should  yield  valuable 
information  on  the  mecdianism  and  duration  of  rotavirus  imnunity. 

One  of  the  major  unanswered  questions  in  this  area  involves  antigenic 
relationships  and  crossprotection  among  rotaviruses  that  infect  different 
species.  Since  most  rotaviruses,  including  those  of  human  derivation, 
either  grew  poorly  in  tissue  culture  or  have  not  been  propagated  in  vitro 
it  has  not  been  possible  to  stucfy  the  relationship  of  the  protective 
antigens  of  the  various  rotaviruses  by  neutralization  in  culture.  The 
rotaviruses  are  essentially  indistinguishable  vdien  studied  by  CF,  but  this 
technique  measures  all  of  the  antigens  of  the  viruses  and  hence,  does  not 
answer  the  critical  question  concerning  the  protective  antigen (s) .  This  is 
not  an  academic  issue  since  one  theoretical  approach  to  itnnunization 
against  human  rotavinas  disease  involves  the  use  of  a  bovine  rotavirus  to 
produce  the  conteirporary  equivalent  of  Jennerian  vaccination.  Before 
proceeding  to  test  bovine  rotavirus  for  its  capacity  to  produce  a  silent, 
iimiunizing  infection  in  man  it  is  necessary  to  establish  that  bovine 
rotavirus  infection  induces  resistance  to  disease  caused  by  its  human 
counterpart. 

During  the  peist  ye^lr  we  were  successful  in  studying  cross-resistance 
between  the  bovine  and  human  rotaviruses  in  the  newborn  calf,  but  it  was 
necessary  to  resort  to  an  unusual  schedule  of  inmunization.  These  stvxiies 
were  performed  in  collaboration  with  Dr.  Mebvis  of  the  University  of  Nebraska. 
Ths  human  rotavirus  induces  diarrheal  disease  in  nevfcom  calves,  but 
resistance  to  disease  develops  rapidly  with  age  so  that  calves  are  refractory 
by  3-5  days  after  birth.  Thus,  we  could  not  infect  with  the  bovine  rotavirus 
at  birth  and  then  challenge  with  the  human  rotavirus  several  weeks  later. 
However ,  it  was  possible  to  infect  calves  in  utero  with  the  bovine  rotavirus 
and  subsequently  challenge  them  at  birth  with  the  human  rotavirus.  Calves 
were  infected  iii  utero  at  6  to  8-1/2  months  gestation  by  intra-amniotic 
inoculation.  The  second  virus  challenge  was  performed  on  the  day  of  birth 
by  intraduodenal  inoculation  of  calves  that  were  held  under  gnotobiotic 
conditions.  In  utero  inoculation  with  the  bovine  rotavirus  protected 
against  bovine  rotavirus  challenge  at  birth;  both  of  the  in  utero  virus 
inoculated  calves  had  rotavirus  CF  antibody  in  cord  serum  and  remained 
well  after  challenge  at  birth,  v^ile  2  control  calves  given  virus  free 
medium  in  utero  became  ill  when  challenged  witli  boviiie  rotavii-us  at  birth. 
This  observation  indicated  that  the  fetal  calf  can  be  infected  and  moimt 
an  inmuno logic  response  to  bovine  rotavirus.  Next,  5  calves  were  inoculated 
in  utero  with  calf  rotavirus  and  then  challenged  at  birth  with  the  hunan 
rotavirus .  None  became  ill,  but  each  had  CF  antibody  for  rotavirus  in 
cord  serum.  In  contrast  4  of  5  control  calves  given  virus  free  fluid  in 
utero  became  ill  following  neonatal  challenge  with  human  rotavirus.  Thus, 
infection  of  calves  in  utero  with  the  bovine  rotavirus  induced  resistance 
to  disease  caused  by  human  rotavinas. 

Although  the  numan  rotavirus  has  been  passaged  24  times  serially  in  human 
embryonic  kidney  (HEK)  cell  cultures,  growth  continues  to  be  very  poor. 
Only  morphologically  incorplete  virus  lacking  the  outer  capsid  is  produced 
in  HEK  cells  suggesting  that  virus  maturation  is  blocked  at  a  late  stage 
of  assembly.  A  sensitive  plaque  assay  was  developed  for  one  of  the  bovine 
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rotavinas  strains  (UK)  and  it  is  hoped  that  information  obtained  fron  this 
system  may  ultimately  aid  us  in  establishing  an  efficient  in  vitro  system 
for  growth  of  the  human  rotavirus. 

It  is  new  clear  that  the  rotavirus  genone  contains  11  doi±)le  stranded 
segments  of  RNA.  These  genes  can  be  resolved  by  polyacrylamide  gel 
electrophoresis  and  the  11  RNA  species  range  in  estimated  molecular 
weight  fron  5.2  X  10  to  1.89  X  10  Daltons.  Oo-electrophoresis  of  RNA's 
frcm  animal  rotaviruses  revealed  at  least  one  RNA  segment  that  dif ferened 
for  each  pair  of  viruses  studied.  When  RNA  fron  hvatan  rotavirus  was 
ootpared  with  that  fron  animal  rotaviruses  ais  many  as  8  segments  were 
found  to  differ  in  electrophoretic  mobility.  Five  hunan  rotavirus  isolates 
have  been  coipared  by  gel  electrophoresis  and  3  different  patterns  were 
discerned  suggesting  the  existence  of  variation  among  human  strains. 

Sensitive  and  specific  immunologic  assays  were  developed  for  the  detection 
of  the  human  rotavir-as  and  its  antibody.  Both  a  solid  E*iase  radioimnunoassay 
(RIA)  and  an  ELISA  test  were  devel<^>ed  using  specific  antiserum  prepared 
in  guinea  pigs  iitmunized  agadnst  gnotobiotic  calf  passaged  human  rotavirus. 
In  this  manner,  th6  developrent  of  antibodies  reactive  with  non-rotavirus 
ocitponents  of  human  stool  was  minimized.  Both  techniques  were  found  to  be 
as  sensitive  and  specific  as  EM  for  detection  of  the  human  rotavirus  in 
feces.  There  was  ccnplete  concordance  between  the  resixLts  of  RIA,  ELISA 
and  M  for  detection  of  virus.  RIA  and  ELISA  offer  an  advance  over  EM  in 
terms  of  efficiency  and  usefulness  in  large  scale  epidaniologic  survey. 
The  KTiTSA  test  for  rotavirus  is  particularly  useful  since  there  is  no  need 
for  radioisotopes  or  e^qsensive  counting  equipment.  End  points  in  the 
ELISA  test  can  be  read  by  eye  or  by  colorimeter. 

Norwalk  gastroenteritis  -  We  collaborated  with  Dr.  Blacklow  and  colleagues 
from  Massachusetts  (at  their  invitation)  in  a  stuc^  of  imtiunity  to  the 
Norwalk  agent.  This  investigation  was  supported  by  a  oontrcict  funded  by 
the  intramural  program.  The  results  of  this  study  have  changed  our  concept 
of  intestinal  inrrunity  against  Norwalk  disease  and  have  raised  questions 
concerning  the  feasibility  of  any  method  of  iititunoprophylaxis  for  this 
type  of  gastroenteritis.  Twelve  healthy  male  volunteers  were  administered 
the  Norwalk  inoculum  orally  on  two  occasions,  27-42  months  apeirt,  and  4 
were  administered  the  agent  orally  a  third  time  4-8  veeks  after  the  second 
challenge.  Each  of  the  6  volunteers  who  develc^jed  illness  on  first  cheillenge 
developed  another  gcistroenteric  illness  when  rechsLLlenged  27-42  months 
later  with  the  same  Norwalk  inoculum.  In  contrast,  none  of  the  6  volunteers 
who  did  not  beccme  ill  on  initial  challenge  developed  illness  on  rechallenge 
31-34  months  later  with  the  same  Norwalk  inoculum.  A  third  Norwalk  challenge 
was  carried  out  4-8  weeks  later  in  4  of  the  volunteers  v*io  had  twice 
developed  illness.  One  of  the  4  developed  gcistroenteritis.  Available 
biopsy  studies  wero  consistent  with  the  clinical  findings.  In  addition, 
■equantial  sera  fron  5  of  the  volunteers  who  developed  illness  on  both 
challenges  were  atudiod  by  TFM  for  serologic  reaponaas  to  the  Norwalk 
agent.  Four  of  the  5  dovplopnd  a  seroresponse  after  initial  chnllenqe, 
but  during  a  7-26  month  per  iod  after  initial  challenge  all  4  lost  most,  if 
not  all,  of  their  Norwalk  antibody.  However,  following  2nd  challenge  a 
pronounced  antibody  response  was  detected  in  each  of  the  4  volunteers. 
The  5th  ill  volunteer  maintained  persistently  high  antibody  ratings  before 

33G 


and  after  each  challenge.  On  3rd  challenge,  antibody  ratings  were  hi^ 

before  and  after  challenge  in  all  4  subjects  studied,  including  the  volunteer 
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developed  illness  the  3rd  time.  It  seemed  that  senm  antibody  was  not 

associated  with  resistance  to  Norwalk  illness  since  3  subjects  vAio  did 

not  develop  illness  after  each  of  the  2  challenges  had  little,  if  any, 

antibody  detectable  by  lEM  prior  to  and  after  each  of  the  diallenges. 

Although  it  would  be  siitple  to  explain  these  results  on  the  grounds  that 
local  antibody  rather  than  serum  antibody  is  the  prime  determinant  of 
protection  eigainst  Norwalk  challenge,  this  may  not  be  the  v*iole  story. 
It  is  difficult  to  conceive  of  the  existence  of  2  cohorts  of  individuals, 
one  able  to  produce  local  antibody  after  exposure  to  the  Norwalk  agent 
and  the  other  incapable  of  synthesizing  sufficient  local  anibody  for 
long-term  pro-iection.  One  explanation  for  these  unusual  findings  might 
be  a  genetic  determinant  of  susceptibility  to  Norwedk  agent  infection, 
that  is,  one  groip  of  volunteers  may  lack  a  gaieticauLly  determined 
specific  receptor  essential  for  entry  of  the  Norwalk  agent  into  the 
epithelial  cells  of  the  small  intestine.  Thus,  such  subjects  could  npt 
be  infected  by  the  Norwalk  agent,  v^aereas  a  susceptible  groip  would 
undergo  such  infection.  In  previous  studies  using  the  same  inoculum 
arplcyed  in  the  present  investigation,  we  had  documented  the  existence  of 
short  term  resistance  (9-14  weeks)  following  Norwalk  illness.  lUne  lack 
of  subsequent  long  term  protection  by  local  inmunologic  medhanisne 
suggests  that  local  IgA  mediated  iittntmity  to  the  Norwalk  agent  is  short- 
lived. This  study  raises  questions  conoeming  the  feasibility  of 
immunizing  against  illness  caused  by  the  Norwalk  agent  groap  of  viruses. 
It  also  indicetes  the  existence  of  2  forms  of  iitinunity  to  Norwalk 
gastroonteritia,  one  which  is  of  short  duration  and  inrwnologically    ' 
mediated  (described  in  our  earlier  studies)  and  the  other,  not  previously 
documented,  of  long  duration  euid  presumeibly  not  immunologically  mediated. 

Investigation  of  the  Norwalk  group  of  viruses  has  been  difficult  because 
these  agents  cannot  be  grcwn  in  culture,  and  are  found  in  rather  lew 
concentration  in  human  stool.  Purification  emd  serologic  studies  of 
Norwalk  virxis  have  been  hampered  because  it  has  been  necessary  to  use  lEM 
to  detect  and  measure  antigen  and/or  antiboc^.  Last  year,  biophysical 
methods  were  developed  for  concentrating  and  purifying  the  Norv^lk 
particle  from  the  stools  of  experimentally  infected  human  volunteers. 
This  represented  a  Herculean  effort  since  the  Norwalk  virus  is  present  in 
stool  at  a  level  at  least  one  order  of  magnitude  lower  than  hepatitis  A 
virus.  Nevertheless,  Norwalk  virus  was  purified  sufficiently  that  it  was 
suitable  to  use  as  a  test  antigen  in  the  iititune  adherence 
hemagglutination  (lAHA)  assay.  The  Norwalk  lAHA  proved  to  be  a  specific 
and  sensitive  test  for  antiboc^.  For  the  most  part,  serologic  resonses 
detected  previously  by  lEM  were  confirmed  by  lAHA  but  in  a  few  instances, 
IM  was  more  efficient.  A  serxslogic  survey  of  individuals  fran  the 
metropolitan  Washington  area  revealed  gradual  acquisition  of  serum 
antibody;  by  5  years  of  age  about  5%  of  the  children  had  antibody,  v*iile 
approximately  l/3rd  of  young  adults  were  seropositive  for  the  Norwalk 
agent.  The  lAHA  technique  was  also  used  to  test  paired  sera  fran  pediatric 
patients  with  non-rotavinas  gastroenteritis  admitted  to  Children's  Hospital 
but  no  serologic  responses  were  detected.  ■ 
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Using  procedures  for  purification  and  concentration  of  the  Norwalk  agent 
similar  to  those  used  for  the  lAHA  test,  ve  were  also  successfiiL  in 
developing  a  radioiitmunoassay  for  detection  of  Norwalk  virus  and  a  radio- 
immunoassay blocking  test  for  measurement  of  antibody  to  this  virus.  The 
radioimmunoassay  enployed  high  titered  oonvcdescent  serum  fron  a  chinpanzee 
infected  with  Norv/alk  virus.  Radioiimunoassay  was  capable  of  detecting 
particilly  purified  particles  in  fractions  derived  from  ultracentrifugal 
separation  procedures. 

The  radioiimunoassay  blocking  test  for  antibody  to  Norwalk  particle  was 
both  sensitive  and  specific.  It  detected  rises  in  titer  of  serum  antiboc^ 
in  all  individuals  and  chinpanzees  experimentally  infected  with  the  Norwalk 
agent.  There  was  ccnplete  concordance  between  the  results  of  the  RIA 
blocking  test  for  Norwalk  antibody  and  the  tests  for  antibody  previously 
performad  by  lEM.  The  RIA  blocking  test  for  antibody  was  satievi*iat  more 
efficient  and  sensitive  than  lAHA.  The  RIA  was  used  to  investigate 
several  unexplained  outbreaks  of  gastroenteritis  but  none  were  apparently 
caused  by  the  Norv/alk  agent. 

Enterotoxigenic  E.  coli  -  Recent  studies  have  shewn  that  enterotoxigenic 

strains  of  E^  coli  are  a  major  cause  of  acute  diarrhea  in  nan.  Until  new 

toxin  producing  organisms  have  been  identified  by  one  of  a  series  of 

bioassay  systons.  All  of  these  bioassays  are  relatively  difficiilt  to 

perform  and  for  this  reason  we  developed  a  sensitive  solid  phase  radioimnunoassay 

to  measure  E^  coli  heat  labile  toxin  (LT) .  This  assay  can  also  be  used  as 

a  sensitive  test  for  cholera  toxin.  In^fact,  the  sensitivity  of  the  assay 

for  cholera  toxin  is  .02  pioograms  (10~  ).  The  assay  is  based  on  the 

high  degree  of  imnnunologic  cross  reactivity  between  E^  ooli  LT  and  cholera 

toxin  and  takes  advaintage  of  the  availability  of  potent  monospecific 

antiserum  for  cholera  toxin.  In  corparative  tests,  the  RIA  was  as  least 

as  sensitive  and  specific  as  the  Y-1  adrenal  oell  culture  system  for 

detection  of  LT  producing  coliform  orgeuiianis. 

A  RIA  blocking  test  for  detection  of  antibody  to  E^  coli  KT  was  also 
developed.  This  test  was  a  standard  blocking  test  similcu:  to  the  one 
developed  for  hepatitis  A.  The  assay  appeared  to  be  scitewhat  more  sensitive 
than  the  Y-1  adrenal  cell  neutralization  assay.  A  serologic  survey  indicated 
a  rather  rapid  acquisition  of  antibody  to  E^  coli  IT  toxin  among  children 
living  in  the  metropolitan  Vfeshington  ara.  (Kapikian,  Wyatt,  Yolken,  Greenberg, 
Kalica,  Chanock) 

Influenza 

In  our  current  program  taiperature  sensitive  (ts)  mutants  of  influenza  A 
virus  cire  being  developed  for  use  in  live  attenuated  respiratory  vaccines 
with  the  expectation  that  their  ts  lesions  are  responsible  for  s\:5pression 
of  growth  in  the  lower  respiratory  tract.  This  approach  is  especially 
aiTi^l  Iciblc  to  tho  innur>n7.T  A  virus,  v^iich  periodically  vindergoes  variation 
in  ono  or  ixAh  ol  iLa  hui  taco  ai»tigona.  When  Uiis  occurs,  there  is  an 
urgent  neotl  to  dovuiop  a  new  vaociiie  strain  tlwL  contains  tho  new  surface 
^u^tigen  or  antigens.  The  method  we  favor  consists  of  the  transfer  of  ts 
lesions  fron  an  older,  suitably  attenuated  strain  to  the  new  antigenic 
variant.  Transfer  of  ts  genes  from  one  influenza  A  virus  to  cinother  is 
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easily  accxnrpllshed  since  the  virus  poBsesses  a  aegnented  IQA  gencnie  and 
reasaortment  of  qenes  oooura  with  high  froquwwy  during  mlxsd  infection. 
It  is  inplicit  h\  tixLe  approach  that  the  t@  l@aio»s  are  lewpesmiblM  for 
attenuation,  that  they  are  not  on  the  cisSsna  that  datmmintt  the  Structure 
of  the  surface  antigens,  and  that  they  can  be  monitored  by  Li  vitiX)  teciinlques 
during  all  phases  of  veiccine  develqpnBnt,  manufacture,  and  useige. 

New  ts  mutants  -  Mdltlonal  ts  mutants  were  produced  in  order  to  increase 
our  coverage  of  the  Influenza  A  virus  gencme  in  future  genetic  stuflies  and 
to  provide  further  mutations  that  can  be  evaluated  for  their  effect  on 
virulence  In  animals  and  in  man.  4000  clones  of  influenza  A/tJdam/72 
(H3N2)  virus  exposed  to  ICR-191  (a  mutagen  that  produces  deletions) , 
nitrous  acid  or  UV  were  assayed  for  the  ts  pherwtype  on  rhesus  nonkey 
(PMK)  and  canine  kidney  (MDCK)  cells.  9T~clones  (or  2.3%)  were  ts.  56 
clones  were  ts  on  both  RMK  and  MDCK  cells  while  the  remaining  38'clones 
were  ts  only  on  MDCK  cells.  The  fonner  56  clones  fell  into  10  ccnplementation 
groups,  however,  groups  5,7  and  9  did  not  reccnbine  with  each  other  suggesting 
that  they  represented  lesions  in  a  single  gene  and  that  the  aonnplaa»ntaticn 
observed  represented  intracistronic  ccnplenentation.  Thus,  the  Udam  ts 
mutants  represented  8  reocxnbination  groups,  a  value  in  acoord  with  the 
number  of  RNA  segments  in  the  virus.  A  biochemical  characterization  of  the 
Udom  ts  mutants  as  well  as  a  ootrparison  with  the  WSN  (HONl)  and  HK  (H3N2) 
ts  mutants  suggested  that  the  Udom  group  1  defect  was  in  the  P2  protein; 
group  2  defect  in  NP;  grotp  3  defect  in  P3;  group  4  defect  in  M  cxr  NS; 
group  5,  7  and  9  in  M  or  NS;  groi^  6  in  PI;  group  8  in  HA  and  group  10  in 
NA. 

Thirty-eight  mutants  of  the  Udorn/72  ts  collection  were  host  dependent  ts 
mutants,  i.e. ,  they  were  ts  on  MDCK  ciTls  but  acted  like  wild  t^pe  on  FMK 
cells.  This  provided  an  opportunity  to  analyze  the  genes  oonoemed  with 
hoet  eipaclflclty  by  eionpl«nientatlon  aj^lysis  on  MDOC  oells.  noat  range 
mutations  fell  into  five  oonnplemBntation  groupe.  Ihia  finding  suggests 
that  mutation  affecting  any  of  these  five  genes  can  lead  to  a  tenperature- 
dependent  restriction  of  replication  in  certain  cells  but  not  in  others. 

Previously,  mutagenesis  of  influenza  A  virus  with  5FU  yielded  a  high 
frequency  of  ts  mutants.  The  Udom/72  wild  type  virus  was  exposed  to  a 
high  concentration  of  this  mutagen  in  an  attatipt  to  isolate  additional 
highly  defective  ts  mutants  v*iose  ts  lesions  could  be  used  in  vaccine 
strains.  1150  clonal  populations  were  studied  and  16  were  ts.  IVio  had  a 
37°C  shutoff  taiperature,  13  shutoff  at  38°C,  and  one  at  39'C.  Preliminary 
genetic  analysis  revealed  that  11  contained  a  single  ts  lesion,  and  2  had 
2  or  more  lesions.  Importantly,  three  Udon\/72  5FU  ts  viruses  failed  to 
conplement  any  of  our  standard  7  HK  (H3N2)  ^  probes  suggesting  that  one 
or  more  additional  cortplanentation-reocmbination  groups  had  beai  isolated. 

ts-l[E]  recxanbinants  -  VAV43-ts-l  [E]  reccnbinants  and  their  ts^  and  wild 
type  parents  were  studied  aollaboratively  with  Drs.  M.  Ritchey  and  P. 
Palese  at  Mt.  Sinai  School  of  Medicine,  New  York,  who  performed  polyacrylamide 
gel  electrophoresis  of  virion  RNA.  They  were  able  to  loccilize  the  two  ts- 
1[E]  lesions  to  the  RNA-1  and  the  RNA-6  fragments  that  code  for  the  P3  and 
RNP  proteins  respectively.  Tlie  P3  protein  is  involved  in  ccrnplementary 


R^3A  (cRNA)  synthesis  and  the  RNP  protein  plays  a  role  in  virion  RNA  synthesis. 

The  Hong  Rong/68-ts-l  [E]  virus  (38°C  shutoff  temperature)  and  its  Udam/72 

and  Georgia/74  recombinants  have  irony  properties  that  make  them  suitable 

candidate  vaccine  viruses.  They  are  satisfactorily  attenuated  in  adult 

volunteers  vAtd  lack  hemagglutination- inhibiting  (HE)  antibody  (i.e., 

£l:8)  but  possess  neiaraminidase-inhibiting  (NI)  antibody;  they  cure  genetically 

stable  after  replication  in  adult  volionteers;  and  they  provide  protection 

against  honologous  wild  type  virus  challenge.  However,  vrtien  the  HK/68  and 

Udom/72  ts-l[E]  viruses  were  administered  to  children  who  lacked  both  HI 

and  NI  antUaodies,  febrile  responses  were  observed  and  virus  that  had  lost 

the  ts  phenotype  was  reoovered  fran  a  minority  of  the  children.  It  was 

not  clear  vAiether  the  febrile  reaction  of  the  doubly  seronegative  child 

was  a  function  of  inntunological  inejjperience  with  influenza  A  virus  or  pf 

young  age.  The  appearance  of  the  A/7ic/3/75  virus  allowed  us  to  examine 

this  question.  The  Vic/75  virus  possesses  a  neuraminidase  that  is  antigenically 

far  removed  from  the  neuraminidase  of  the  preceding  A/Port  Chaliners/73 

virus.  Therefore  it  was  not  surprising  to  find  that  over  90%  of  adult 

volunteers  who  had  a  serum  HI  antibody  titer  of  <1:8  to  A/Vic/3/75  virus 

also  had  a  serum  neuraminidase-inhibiting  (NI)  antibody  titer  of  <1:4. 

Thus,  it  was  possible  to  evaluate  Vic/3/7 5-t3-l  [E]  (38°C  shutoff  tesnperatvire, 

H3_cN2_c.)  reoonibinants  in  cidults  who  were  doubly  seronegative. 

The  two  ts  lesions  present  in  the  HK/68-ts-l  [E]  donor  virus  were  transferred 
to  the  A/^ic/75  wild  t^'pe  virus  and  two  clones  ware  administered  t02Volunteers. 
i^roximately  27%  of  the  Vic/75-ts-l  [E]  vaccinees  who  received  10  *  tCIDcq 
of  clone  81  developed  illness;  12%  developed  fever  or  a  systemic  reaction 
that  was  of  less  than  24  hours  duration.  In  contrast,  Vic/75  wild  type 
vinos  caused  illness  in  8  of  12  volunteers,  and  40%  had  fever  or  a  systemic 
reaction.  The  other  clone  of  Vic/75-ts-l [E]  (clone  113)  induced  a  systemic 
reaction  in  1  of  12  serum  HI  and  NI  negative  volunteers,  suggesting  that 
it  was  also  more  reactogenic  than  the  ts-l[E]  reccitbinants  evalioated  in 
volunteers  previously — Udom/72  ts-l[E]  and  Georgia/74  ts-l[E].  The 
duration  and  magnitude  of  virus  shedding  by  Vic/7 5-ts-l"[E]  vaccinees  was 
intermediate  between  that  of  HK/68,  Udom/72,  and  Georgia/7 4-ts-l [E] 
vaccinees  and  volunteers  v*io  received  wild  type  virus.  Although  the 
Vic/75-ts-l [E]  reccntoinants  were  attenuated  in  octtparison  to  wild  type 
virus,  they  retained  sufficient  reactogenicity  to  preclude  their  use  in  a 
vaccine.  A  dose  responsejevaluation  of  the  Vic/7 5-ts-l[E]  clone  81  virus 
was  performed  and  at  10  'TrciDcf,,  85%  of  volunteers  ware  infected.  Significantly 
illness  was  not  observed  with  tnis  inoculum,  indicating  that  reactogneicity 
was  doso  dependent.  The  A/Vic/75-ta-l[E]  virus  provided  acme  protection 
against  homologous  wild  type  virus'challenge,  but  resistance  was  not 
carplete.  Transmission  of  ts  virxis  to  contacts  was  not  observed. 

In  previous  studies  the  failiore  of  HK/68,  Udom/72  and  Georgia/74-ts-l  [E] 
adult  vaccinees  to  develop  systemic  reactions  most  likely  reflected  the 
effect  of  preexisting  neuraminidase  iintiunity;  almost  all  vaccinees  possessed 
serum  NI  antibody  for  the  vaccine  virus  administered.  In  persons  with 
some  iimiunity  to  influenza  A  virus,  primarily  directed  against  the  neuraminidase 
antigen,  the  degree  of  defectiveness  specified  by  the  two  ts-1 [E]  lesions 
was  sufficient  to  produce  a  satisfactorily  attenuated,  iitrunizing  infection. 
In  this  situation,  attenuation  was  achieved  by  the  sun  of  two  factors;  the 


degree  of  defectiveness  of  the  reccntoijiant  and  the  existence  of  neuraminidase 
immunity  resu-lting  from  prior  infection (s ) .  In  contrast,  nost  serum  HI 
negative  Vic/75  ts-l[E]  vaccinees  also  lacked  serum  NI  antibody.  In  this 
circumstance  the  lack  of  neuraminidase  inmunity  may  have  allowed  full 
expression  of  the  residual  virulence  of  the  Vic/7 5-ts-l[E]  reccntoinant 
(clone  81) .  However,  febrile  responses  were  seen  in  sone  Vic/75-ts-l [E] 
clone  81  vaccinees  who  were  seropositive  and  it  is  possible  that  the 
genetic  alteration  in  this  clone  that  led  to  increased  growth  at  37 °C  in 
ferret  tracheal  organ  culture  might  have  been  responsible  for  seme  of  its 
increased  reactogenicity. 

The  ejtergence  of  the  A/NJ/8/76  (H  swine  Nl)  virus  as  a  human  straiii  of 
influenza  A  provided  an  opportunity  to  evaluate  the  safety  and  antigenicity 
of  an  A/NJ/76-ts-l[E]  virus  in  doubly  seronegative  adult  volunteers.  Previous 
evaluation  of  ts-l[E]  reccnbinants  in  adults  was  limited  to  viruses  within 
the  H3N2  subtype.  Although  we  could  not  detect  serum  antibodies  for  hemagglutinin 
in  HK/68-ts-l[E],  Udom/72,  ts-l[E]  or  Georgia/74  tS"l[E]  vaccinees  or  for 
both  hanagglutinin  and  neuraminidase  in  Vic/75  ts-TlE]  vaccinees  these 
individuals  undoubtedly  had  previous  experience  with  influenza  A  viruses 
that  contained  imnunologically  related  hanagglutinin  and/or  neuraminidase 
antigens.  The  NJ/76-ts-l[E]  vaccinees  were  selected  for  their  young  age  and 
for  absence  of  H  swine  Nl  antibodies  as  well  as  cross-reacting  HlNl  antibodies 
and  thus  they  represented  a  population  that  had  no  prior  experience  with  the 
surface  antigens  of  the  ijif luenza  A/^/76  virus  or  viruses  bearing  related 
antigens.  A  NJ/76  ts-l[E]  recombinant,  that  had  a  38°C  shutoff  temperature, 
the  two  ts-l[E], lesions,  and  the  Hswine  Nl  surface  antigois  was  administered 
at  a  dose~of  10°*  TCIDt--  to  14  doubly-seronegative  volunteers.  Ten  individuals 
shed  virus  in  low  titer^for  an  average  of  3  days.  Two  vaccinees  developed  a 
mild  cold  and  another  experienced  a  mild  afebrile  systonic  reaction  of  short 
duration.  Eleven  of  14  vaccinees  developed  a  rise  in  serum  antibody  as 
treasured  by  ELISA  and  8  of  14  had  a  rise  in  nasal  wash  antibody.  The  absence 
of  febrile  responses  and  low  peak  level  of  virus  shedding  indicated  that  the 
NJ/76-ts-l[E]  virus  was  sonevdiat  milder  than  one  would  have  esqaected  based 
on  the"Vic/75-ts-l[E]  experience.  "Hie  reason  for  this  differoice  is  not 
clear  but  probably  reflects  the  low  vir\iLence  of  the  parental  A/NJ/76  virus. 

Hemaqqlutinin-neuramijiidasets-l[E]  recombinants  -  The  effect  of  neuraminidase 
iirmunity  on  reactogenicity  of  ts-l[E]  recanbuiants  will  be  examined  further 
during  the  next  year  using  reccmbinants  possessing  the  two  ts-l[E]  lesicffis, 
the  hemagglutinin  of  A/Victoria/75  and  the  neuramindase  of  VHK/68,  A/Georgia/74 
or  A/Victoria/75.  These  recombinants  have  been  prepared  in  the  laboratory 
and  they  will  be  tested  in  volunteers  who  lack  serum  HI  antibo(^  but  possess 
different  levels  of  neuraminidase  immunity.  It  is  anticipated  that  neuraminidase 
inmunity  will  be  highest  for  the  N2  antigen  of  the  VHK/1968  virus,  lower 
for  the  N2  of  A/Georgia/1974  and  lowest  for  the  N2  of  VVictaria/1975. 

ts-lA2   recombinants  -  When  innmunity  to  both  surface  antigens  is  lacking,  as 
at  the  tijTe  of  a  pandanic  shift  or  as  occurs  in  infants,  only  the  degree  of 
defectiveness  of  the  vaccine  virus  determines  attenuation  and  in  this  situation 
defectiveness  must  be  greater  than  that  specified  by  the  ts-l[E]  lesions. 
For  this  reason  we  constructed  a  recotibinant  (1A2)  with  a  set  of  ts  lesions 
that  specified  a  greater  degree  of  defectiveness  than  that  seen  with  the  ts- 
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1[E]  recombinants.  Initially  ts  mutants  of  influenza  A  virus  were  producjed 
by  mutagenesis  of  wild  type  virus  with  subsequent  screening  for  virus  with 
the  ts  phenotype.  Next,  viruses  with  a  single  ta  lesion  were  identified 
among  the  progeny  of  mutagenized  virus  or  were  produced  by  segregatii^g 
single  lesioned  recombinants  from  nutants  bearing  two  or  more  lesions.  'Hw 
single  mutants  were  then  characterized  as  to  conplementation  group  and 
evaluated  for  level  of  defectiveness  and  for  geietic  stability  in  vivo  (in 
the  hamster) .  In  this  manner  ws  identified  the  2  most  defective  and  stable 
ts  lesions  that  were  capable  of  undergoing  reoGnblnation.  Finally,  we 
contained  the  2  lesions  into  a  single  virus  by  gwietlc  reocxi±>inatlon.  Tt^ 
resulting  recombinant  virus  (designated  1A2)  with  UdDm/72  surface  antigens 
and  the  desired  two  ts  lesions  was  mare  restricted  in  replication  at  ST'C 
than  either  ts  parent  or  the  ts-l[E]  reccitibinants.  Genetic  evidence  suggested 
that  the  1A2  recombinant  contained  two  ts  lesions,  one  in  ccnplementation 
groip  1  and  the  other  in  group  5;  both  oF  the  affected  genes  are  believed  to 
code  for  large  polymarase  proteins  (P3  and  PI,  respectively)  thought  to  be 
Involved  in  the  synthesis  of  ccrplementary  RMA,  the  initial  st^  in  viral 
replication.  During  the  past  year  efforts  were  directed  toward  mating  the 
Udom/72-ts-lA2  double  reocmbinant  with  the  VVic/3/75  and  VNJ/8/76  wild 
type  viruses  and  analysing  the  progeny  for  shutoff  temperature  of  plaque 
formation,  ts  genotype  and  level  of  replication  in  hamsters.  Six  A/Vic/3/76- 
ts;-lA2  reooitEinants  were  obtained.  Five  resembled  the  1A2  parent;  they  had 
a  37''C  shutoff  tenperature  amd  failed  to  interact  in  cGrplementatu.on-reocirbination 
tests  with  representatives  of  carplementation  groups  1  and  5.  "Hie  other 
virus  had  a  38°  C  shutoff  tenperature  and  possessed  only  the  group  1  lesion; 
this  reccrtoinant  received  only  one  of  the  2  ts  genes  of  its  ts  parent.  The 
five  37*'C  shutoff  recombinants  failed  to  grow  in  the  lungs  o?~hamBters  and 
each  weis  restricted  approximately  100-fold  in  its  growth  in  the  nasal 
turbinates  ocnpared  to  wild  type  virus.  The  38'*C  reocmbinant  grew  normally 
in  the  turbinates  but  was  moderately  restricted  In  its  growth  in  the  lungs. 
Ihis  recombinant  feiiled  to  revert  during  growth  in  the  Ixaigs  in  contraist  to 
a  ts-l[E]  mutant  tested  in  the  sama  ej^jeriment.  Ninety-nine  isolates 
recovered  from  the  nasal  turbinates  of  hamsters  infected  with  one  of  the  double 
reoont)lnant:s  were  evaluated  for  genetic  stability.  There  was  no  evidence  of 
reversion  to  wild  type  virus.  Thus,  the  double  1A2  reoocnbinants  a^ipeared  to 
be  very  stable  genetically.  In  all  respects,  the  Vic/75-t3-lA2  reoorbinants 
behaved  like  their  parent,  Udom/72-ts-lA2,  indicatiiig  that  aoquisiton  of 
the  two  1A2  lesions  was  associated  with  a  predictable  set  of  biological 
properties  and  a  predictable  level  of  attenuation  and  genetic  stability. 
Furthermore,  infection  of  hamsters  with  the  Udom/72  or  Vic/75  tS;-lA2  recombinant 
conferred  protection  against  homologous  wild  type  virus  challenge.  These 
data  provided  the  basis  for  evaluation  of  these  promising  reccnbiiwuits  in 
volunteers. 

A  ts-lA2  reocxrbinant,  designed  Vic/7 5-ts-lA2 ,  that  had  a)  both  groi^  1  and 
grox;^'  5  ts  lesions,  b)  a  37°C  shutoff  tenperature  for  plaque  formation  and 
c)  a  100  to  1000  fold  greater  restriction  in  efficiency  of  plaque  formation 
at  37°C  than  the  Vic/7 5-ts-l[E]  virus,  was  administered  at  a  dose  of  10   TCID-- 
to  13  seronegative  volunteers.  Illness  was  not  observed;  there  was  no 
evidence  of  mild  coryza  or  rhinitis.  Six  vziocinees  shed  virus  for  a  much 
shorter  interval  and  at  a  lower  titer  than  the  Vic/75-ts-l  [E]  vaocinees. 
The  recombinant  was  stable  genetically  eus  indicated  by  t:he  obeervation  that 
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each  isolate  retained  the  ts  phenotype.  Nine  of  11  vaccinees  tested  developed 
a  rise  in  serum  HI  antiboc^.  These  preliminary  data  are  extremely  encouraging 
since  they  indicate  that  the  Vic/75  1A2  recctribinant  was  more  attenuate  than 
the  Vic/75  ts-l[E]  recombinants.  Ftirther,  the  1A2  recotibinant  vas  surprisingly 
antigenic  considering  its  limited  degree  of  replication. 

Cold  adapted  recombinants  -  Further  stixiy  of  the  cold  adapted  viruses  and 
their  recombinants  derived  by  Maassab  indicated  an  increased  level  of  genetic 
conplexity  not  appreciated  previously.  Most  of  the  cold  adapted  (ca) 
viruses  and  their  recontoinants  are  also  ts.  Until  recently,  it  appeared  that 
the  group  1  ts  lesion  was  present  in  each  of  the  ca  viruses  that  were  also 
ts.  It  now  appears  that  an  additional  lesion  (or  lesions)  not  represoited 
by  the  7  HK  single  lesioned  ts  probes  or  the  7  VBN  single  lesicxi  ts  presses 
may  be  present  in  satve  of  the  ca  mutants  or  recatfcinants.  In  addition, 
analysis  of  ts  revertants  of  ca  reoctribinants  derived  in  vivo  (in  the  hamster) 
indicated  that  the  ca  and  ts  properties  were  dissociable.  A  similar  phaxxnenon 
was  observed  when  ca  viruses  that  were  alBO  ts  were  reccnibined  with  wild 
type  virus  and  the  segregants  characterized  ?or  ca  and  ts  pjienotypes. 
Finally,  an  atteirpt  to  shed  light  on  the  nature  oF  the  ca  and  ts  properties 
by  ccfiparing  ca  recombinants  with  the  7  WSN  single  lesioned  ts  prctoes 
produced  an  even  more  cotplex  sitxjation.  For  exarrple,  ca  reccntoinants  that 
were  identified  previously  as  sharing  the  ts  lesion  of  HK  group  1  underwent 
cotplementation-reccmbination  vdien  tested  mth  one  or  both  of  the  WSN  groip 
I  mutants,  although  the  latter  mutants  appear  to  be  equivalent  genetically 
to  the  HK  group  1  mutants.  The  basis  for  this  anomalous  reaction  is  difficult 
to  understand  since  the  ca  recotbinants  exhibiting  this  behavior  were  shown 
by  Kendal  to  possess  a  ts  defect  in  RNA  transcriptase  activity,  a  function 
thou^t  to  be  coded  for  by  the  P3  protein  that  is  the  site  of  the  HK  group  1 
and  WSN  group  I  ts  lesions. 

8  5 
Adult;^:;c;roiK>c),u  iv(>  voliuiteers  were  administered  10  '  '1X:id_q  of  A/Scotlajnd/74 

or  10   TCID^  of  A/Vic/75  cold  adapted  recombinant  to  assess  the  level  of 

attenuation  ^nd  antigenicity  of  these  candidate  live  influenza  A  virus  vaccines. 

The  Scotland/74-cold  recombinant  was  given  to  12  seronegative  voli;inteers  and  4 

developed  a  febrile  or  systemic  reaction.  Each  of  the  12  persons  was  infected,  10 

shed  virus  for  a  short  period  and  in  lew  titer,  and  every  volunteer  developed  a 

serum  HI  antibody  response.  These  volunteers  had  preexisting  NI  antibody  at  the 

time  of  virus  administration.  VJhen  the  Vic/75  cold  ad^Jted  virus  vas 

administered  it  was  expected  that  a  significant  proportion  vould  develop 

fever  because  these  volunteers  lacked  detectable  serum  NX  antUxx^  and  the 

virus  was  approximately  100  fold  less  restricted  in  replicaticai  at  38  °C  than 

the  Scot/74  cold-adapted  virus.  Thirteen  volunteers  received  the  Vic/75  cold 

adapted  recombinant,  but  only  1  developd  a  mild  systemic  reaction  of  less 

than  12  hours  duration.  Twelve  of  the  13  volunteers  were  infected,  6  shed 

virus,  and  7  developed  a  serum  HI  antibody  rise.  The  underlying  reason  for 

the  difference  in  reactogenicity  of  the  two  cold  adapted  recattoinants  is  not 

understood.  Whether  it  is  siitply  an  effect  of  dose  administered  or  a  more 

fundamental  genetic  difference  is  under  investigation.  This  is  a  itost 

irtportant  issue  since  it  concerns  the  regularity  with  vAiich  transfer  of 

"cold  adapted"  genes  from  a  standard  donor  to  a  new  wild  type  influenza  A 

virus  yields  a  satisfactorily  attenuated  "cold"  recombinant  possessing  wild 

type  siarface  antigens.  (Murphy,  Markoff,  Spring,  Shimizu,  K. ,  Thierry,  Chanock) 
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RS  virus 

RS  virus  is  the  nejor  pediatric  respiratory  tract  pathogen  and  for  this 
reason  continues  to  be  given  special  enphcisis  in  the  viral  respiratory 
disease  program  of  LID.  Three  areas  of  reseeurch  on  RS  virus  were  particularly 
productive  during  the  past  year:  1)  elucidation  of  the  defect  in  the  ts-2 
mutauit  and  the  monnor  in  which  this  defect  renders  the  mutant  attenuiated  in 
experimontal  onhmlH  ontl  in  itnn;  2)  prcxiuction  of  extensive  pulmonary  disease 
In  an  wxporlmoiiLnl  anlnw]  for  tiws  flx-at  tim»  and  3)  avaluotion  Of  ta  mutoi-it 
C5an4idate  vaccine  Btralna  In  e*>Qj«*ximantal  animals  for  oxtent  of  viral 
replication,  attenuation,  antigenicity  and  genetic  stability. 

ts-2  mutant  -  In  previous  studies  it  was  shown  that  the  tenperature  sensitive 
ts-2  mutant  was  a)  defective  in  plaque  fontation  at  or  above  37 °C,  b)  the 
sole  representative  of  conplementation  group  B,  and  3)  a  plaque  mDrE*»logy 
mutant  that  did  not  fiose  cells  to  form  syncytia  during  plaque  formation  at 
permissive  tenperature.  Recent  studies  indicated  that  ts-2  had  a  defect  in 
adsorption  and/or  penetration  at  restrictive  benparature.  Initiation  of 
infection  of  HEp-2   cells  by  ts-2  was  20  to  100  fold  less  efficient  at  Sg'C 
(a  restrictive  tenperati;ire)  tEan  at  32'*C  (a  pennissive  terperature) .  A 
decrease  in  efficiency  of  adsorption-penetration  at  39''C  cannot  be  ascribed 
to  thermal  inactivation  of  the  ts-2  mutant  since  the  virus  was  shewn  to  be 
as  stable  as  wild  type  viirus  at  this  tenperature.  C^ce  ts-2  was  permitted 
to  adsorb  to  IiEp-2  cells  at  32°C,  transfer  of  cell  cultures  to  39°C  for 
subsequent  incubatlai  did  not  reduce  virus  yield  or  antigen  production 
significantly. 

During  the  course  of  a  study  of  genetic  stability  of  ts-2  it  was  noted  that 
sane  infected  cultures  produced  revertant  virus  that  regained  the  ability  to 
form  plaques  at  38°C  and  these  cultures  also  exhibited  syncytial  cytopathology. 
To  examine  the  relationship  between  these  two  events,  i.e.,  restoration  of 
syncytium  formation  and  the  ability  to  form  plaques  at  restrictive  tenperature, 
we  studied  clones  selected  frcm  cultures  serially  passaged  at  subrestrictive 
tenperature,  a  condition  that  favors  the  emergence  of  geneticedly  altered  ^ 
virus.  When  reversion  occurred  there  wsis  coordinate  restoration  of  the  ts 
and  syncytial  properties.  This  suggests  that  a  single  lesion  was  responsible 
for  both  the  aberrant  plaque  morjiKslogy  and  the  ts  prxperty  of  the  ts-2 
mutant.  It  is  liJtely  that  the  ts  defect  of  ts-2  affects  the  svurface  glycc^rotein 
responsible  for  cell  fusion  and  presumably  also  for  viral  penetration.  If 
this  is  the  case  a  single  defect  could  be  invoked  to  explain  the  nonsyncytial 
plaque  property  at  permissive  tenperature  and  the  failure  of  adsorption- 
penetration  at  restrictive  terperature.  Such  a  unitary  hypothesis  necessarily 
inplies  that  the  ts-2  defect  is  es^ressed  at  permissive  tenperature  (i.e., 
non-syncytial  plaques)  and  becomes  progressively  more  restrictive  with 
increase  in  tenperature. 

E}^?erimental  infection  -  Until  now  a  suitable  eu^jerimental  animal  model  for 
the  study  of  RS  virvis  disease  has  not  been  available.  A  nuitiDer  of  non- 
primates  can  be  infected  in  the  laboratory  but  none  of  these  species  develop 
extensive  pulmonary  pathology.  In  an  effort  to  identify  a  satisfactory  , 
model  to  stuJy  the  pathogenesis  of  RS  virus  disease  we  administered  10  *  to 
10    pfu  of  wild  type  virus  intranasally  to  RS  antibody  free  chinpanzees, 
cebus  monkeys,  rhesus  monkeys  and  squirrel  monkeys.  Ecidi  of  the  primates 
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became  infected  but  only  the  chimpanzees  became  ill.  Each  of  the  4  infected 
chimpanzees  developed  an  illness  that  was  limited  to  the  tpper  respiratory 
tract  and  tlnat  resembled  the  "cannon  cold".  Viral  replication  was  most 
extensive  in  the  chimpanzee  (10  to  10  pfu  per  ml  of  nasophaKyngeal  swab 
fluid) ,  v^le  the  lower  primates  shed  less  virus  (10  to  10  "  pfiv'ml) . 

The  scarcity  of  chiirpanzees  precluded  more  extensive  studies  designed  to 
produce  serious  lower  respiratory  tract  disease.  Therefore,  we  sought  a 
more  readily  available  laboratory  animal  for  further  study  of  RS  virus 
disease  in  vivo.  Cebus  monkeys  were  partially  permissive  for  growth  of  RS 
virus,  and  it  was  possible  that  a  larger  dose  of  virus  than  used  in  the 
initial  study  might  overccme  host  resistance  and  caixse  respiratory  disease. 
10  pfu  of  virus  was  inoculated  transtracheally  into  14  juvenile  cebus 
monkeys  that  lacked  detectable  serum  antibody  for  RS  virus.  Four  control 
animals  were  inociilated  with  uninfected  HeLa  cell  suspension.  Each  of  the 
cebus  monkeys  inoculated  with  RS  virus  develc^)ed  extensive  pnevmonia  that 
was  evident  by  X-ray  and  by  gross  examination  of  the  lungs.  Histologic 
studies  indicated  that  the  pulmonary  lesions  included  interstitial  infiltration, 
alveolar  inflaitmatory  response,  and  extensive  syncytium  formation  with 
prominent  eosinophilic  cytoplasmic  inclusion  bodies.  Control  monkeys  did 
not  develop  puLmonar^/  changes.  Virus  grew  to  high  titer  in  the  lungs  of 
infected  monkeys — up  to  10  pf iv'gm  of  tissue  on  the  4th  to  6th  day  post- 
inoculation. 

10  '  pfu  appeared  to  be  the  pneumonia  dose.QQ  since  10"  *  pfu  of  RS  virus 
infected  only  one  of  two  cebus;  this  animal  oeveloped  gross  pneumonia. 
10  pfu  infected  1  of  2  cebus,  but  pneumonia  did  not  develop.  It  is  realized 
that  10  pfu  represents  an  abnormally  large  inoculum.  Hcwever,  identification 
of  the  cebus  monkey  as  an  animal  that  responds  to  extensive  infection  by 
developing  definite  pulmonary  lesions  means  that  an  experimantal  primate 
systan  is  nc«v  available  that  can  be  manipulated  to  convert  an  ins^fparent 
infection  (such  as  that  indixied  try  10  pfu)  into  a  fulminant  infection  with 
development  of  extensive  pulmoncury  pathology.  In  this  wary  the  inportant 
determinants  of  pathogenesis  may  be  amenable  to  e3?3erimental  study. 

Evaluation  of  ts  mutants  in  experimental  animals  -  Growth  and  genetic  stability 
of  ts-1  (catplementation  group  A) ,  ts-2  (carplementation  grou^)  B) ,  and  the  2 
NG  subclones  of  ts-1  were  evaluated~Ih  infant  ferrets  and  chirtpanzees.  In 
addition,  the  ts-7  mutant  was  evaluated  in  a  chiitpanzee,  since  this  virus 
carries  a  different  genetic  lesion  belonging  to  oarplanaitation  group  C  and 
its  behavior  in  vivo  had  not  been  defined  previously.  "HhB  N3  subclones  of 
the  ts-1  mutant  possess  one  or  more  additional  ts  lesions  induced  by  ej^xjsing 
ts-1  to  the  chemical  mutagen,  nitrosoguanidine  TnG) ;  their  derivation  was 
described  in  last  year's   annual  report. 

ts-2  and  both  NG  si±)lonces  of  ts-1  ware  100- fold  more  restricted  in  growth 
in  the  lungs  of  infant  ferrets  than  was  the  ts-1  mutant,  ts-1,  ts-2  and  ts- 
1  NG-16  were  each  restricted  in  growth  in  the  nasal  turbinates  and  there  was 
a  delay  of  4  to  8  days  in  the  time  of  peak  viral  replication  ccnpared  to 
wild  type.  Unejjpectedly,  ts-1  NG-1  grew  to  high  titer  in  the  turbinates 
after  a  considerable  delay  during  vAiich  virus  replication  wcis  not  detected. 
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Seme  isolates  of  ts-l  NG-1  were  genetically  altered  ocanpared  to  the  irput 
ts-1  NG-1.  This  genetically  altered  virus  retained  a  degree  of  tenperature 
sensitivity  and  was  intermediate  between  ts-l  NG-1  and  wild  type  virus  in 
plaque  forming  ability  at  restrictive  temperature.  Sane  of  the  ts-l  and  ts- 
1  NG-16  isolates  also  contained  genetically  cdtered  virus.  None  of  the  ti^2 
isolates  were  genetically  altered  as  indicated  by  retention  of  the  ts  jiienotype 
and  non-syncytial  plaque  morphology. 

Previously  the  ts-l  mutant  had  been  shewn  to  be  attenuated  in  seronegative 
children,  InfectTon  with  ts-l  did  not  produce  amy  disease  manifestations  in 
the  lower  respiratory  tract,  however,  yaccinees  developed  afebrile  rhinorrhea 
indicating  that  the  mutant  retained  a  small  amount  of  residual  virulence. 
It  was  of  interest  to  determine  if  the  chinpanzee  also  developed  rhinitis 
v*ien  infected  with  the  ts-l  mutant.  If  so  this  species  could  be  used  to 
identify  .mutants  more  attenuated  than  ts-l.  Seronegative  chiirpeuizees  were 
given  10  pfu  of  virus  intranasally.  ^ie  ts-7  mutant  infected  the  one 
chiirpanzee  tested;  this  animal  developed  an  upper  irespiratory  tract  illness 
similar  to  that  induced  by  wild  type  virus,  ts-l  infected  both  chinpanzees 
tested  and  the  pattern  of  viral  replication  in  the  i^per  respirettory  tract 
resembled  that  seen  with  wild  type  virus.  One  of  the  2  ts-l  infected  chinpanzees 
developed  rhinorrhea  similar  in  severity  to  that  induced  ty  wild  type  virus. 

Both  of  the  further  defective  NG  derivatives  of  ts-l,  i.e.,  ts-l  NG-1  and 
ts-l  NG-16,  were  more  atteniaated  than  ts-l  in  chlipanzees .  Each  of  the  2 
chinpanzees  given  ts-l  NG-1  was  infected  as  were  the  2  animals  administered 
ts-l  NG-16.  These  4  chinpanzees  shed  less  virus  than  animals  infected  with 
wild  type  virus  or  the  ts-l  mutant.  One  of  the  2  chinpanzees  in  each  groc^* 
developed  a  brief  episode  of  rhinorrhea  that  vas  delayed  in  onset,  of  shorter 
duration  and  considerably  less  severe  than  the  response  seen  during  ts-l  or 
wild  type  virus  infection. 

The  final  mutant  testcxi,  ts-2,  failed  to  infect  2  chinpanzees  vrfien  administered 
at  the  same  dose  as  the  oHier  mutants — 10  pfu.  When  40  fold  more  ts-2 
mutant  (10  '  pfu)  was  given  to  4  chinpanzees,  3  became  infected.  However, 
the  infection  that  occurred  was  delayed  in  onset  eind  limited  in  extent.  Ihe 
peak  titer  of  virus  shed  was  500  fold  Icwer  than  during  infection  with  wild 
type  virus.  Significantly,  none  of  the  3  ts-2  infected  chimpcuizees  became 
ill,  however,  they  developed  a  high  titer  of  serum  neutrcilizing  antibody.  A 
chinpanzee  given  100- fold  more  virus  (10  *  pfu)  became  infected  but  did  not 
becane  ill,  although  virus  grew  to  a  titer  equivalent  to  that  seen  during 
infection  with  wild  type  virus.  These  preliminary  cbservations  suggest  that 
the  extent  of  infection  produced  by  ts-2  in  the  chinpanzee  is  directly 
related  to  the  quantity  of  virus  adnumstered.  A  similar  relationship  was 
observed  previously  in  vitro  when  ts-2  was  studied  in  tissue  culture  under 
restrictive  conditions.  Both  of  these  relationships  are  consistent  with  the 
basic  lesion  in  ts-2,  vtiich  is  a  defect  in  adsorpticai-penetratian  and  hence 
a  defect  in  initiation  of  infection.  The  more  virus  administered  in  the 
inoculum  the  more  cells  infected  during  the  first  cycle  of  infection,  however, 
the  defect  in  adsorption-penetration  limits  the  spread  of  infection  to  other 
cells.  Since  the  extent  of  ts-2  infection  in  vivo  appears  to  be  input 
dependent  it  may  be  possible  to  achieve  the  desired  level  of  infection 
during  vaccination  1^  administering  the  appropriate  quantity  of  virus.  Finally, 
it  should  be  noted  that  the  decreased  infectivity  of  the  ts-2  mutant  for 
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chinpanzees  is  also  consistent  with  its  defect  in  adsorption-penetration. 

A  genetic  anaD.ysis  of  vinos  recovered  from  the  chinpanzees  reveeded  that 
none  of  the  vaccine  candidates  was  ocnpletely  stable  genetically  in  vivo. 
Virus  with  intermediate  ability  to  produce  plaques  at  restricjtiv©  tenp^ratures 
was  isolated  fron  chinpanzees  that  receiviad  either  N3  subclon©  of  ta-l. 
Only  wild  type  virus  was  recovered  from  one  ts-2  infected  chinp  an3~the 
other  2  chinpanzees  infected  with  ts-2  shed  virus  with  intermediate  ability 
to  form  plaques  at  restrictive  tenperatures.  Both  wild  type  virus  and  virus 
intemediate  in  ploquing  ability  were  recovered  fron  a  ts-1  infec±ed  chinpanzees. 

Evaluation  of  the  ta-2  mutant  in  adult  volunteers  -  The  chlnpanz©©  studies 
Indicated  that  ts-2  was  the  most  attenuated  candidate  vaccine  strain  and  for 
this  recison  it  was  subsequently  tested  in  adult  volunteers.  Fourteen  persons 
selected  for  the  Icwest  titer  of  n&aal  wash  neutralizing  antibodty  were  given 
10  '  pfu  of  the  ts-2  mutant  intranasally.  None  of  the  volunteers  shed 
virus,  but  2  became  infected  as  indicated  by  an  imnunologic  response.  Ihere 
were  no  illnesses  caused  by  the  virvis.  (Belshe,  Richardscxi,  Chanock) 

Myoqplasnas 

A  najor  effort  to  assess  the  significance  of  pathogenic  spiropleisnas  in 
human  disease  has  led  not  only  to  new  information  on  these  agents  but  to  a 
number  of  observations  with  inportant  inplications  to  other  nycoplaanias . 
Successful  cultivation  of  the  suckling  mouse  cataract  agent  (SMCA)  on  a 
newly-developed  culture  maiium  (SP-4)  opened  the  way  to  biological  characterizaticx 
of  SMCA  and  other  related  spiroplasnH  strains.  Conventional  nyooplasna 
serological  tests  have  not  proven  to  be  useful  for  detecting  antigenic 
differences  among  various  spiroplasmas.  A  collaborative  effort  with  other 
investigators  has  shown  that  the  spiroplasma  "defornation  test"  is  adaptable 
to  serological  analysis  of  spiroplasma  strains  and  represents  a  sensitive 
assay  system  for  detection  of  antibody  to  spiroplasmas  in  a  variety  of 
hosts.  The  value  of  the  "deformation  test"  in  seroepidemiologic  studies 
remains  to  be  determined.  Virulence  tests  performed  in  chick  enteyos  shewed 
little  alteration  in  pathogenicity  of  SMCA  or  GT-48  strains  after  20-30 
passages  in  artificial  media.  However,  this  level  of  in  vitro  passage  did 
decrease  the  occurrence  of  cataracts  and  several  other  parameters  of  pathogenicity 
in  rodents.  Cataracts  have  also  been  induced  in  other  hosts  (baby  rabbits) 
in  collaborative  work  at  the  Wistar  Institute.  A  sero^idaoniologic  survey  to 
assess  the  passibility  of  human  infection  with  these  organisms  is  in  progress. 

Inportant  observations  on  inproved  culture  media  for  fastidious  myccplasmas, 
particularly  Mjycoplasma  pneumoniae,  has  cone  fron  work  en  the  spiroplasmas. 
Using  the  SP-4  medium  M.  pneumoniae  was  recovered  from  a  collection  of 
throat  washings  (frcm  military  recruits)  previously  regarded  as  negative  for 
the  organism  by  the  standard  diphasic  c  culture  procedure.  SP-4  medium  has 
also  been  modified  to  provide  a  selective  or  differential  medium  for  recovery 
of  M.  pneumoniae  and  this  modification  is  being  conpared  to  other  myccplasma 
iiifHiui  roniiulationH  for  recovery  of  the  agent.  Differences  exceeding  40% 
l\iivu   been  reoorded  in  rGcovery  rates  when  identical  throat  washiiig  specimens 
were  tested  in  SP-4  and  other  standard  media.  These  observations  again 
raisG  questions  about  the  adequacy  of  mycoplasrta  culture  techniques  and 


whether  Icfw  level  silent  infection  of  infants  and  young  childcen  with  M. 
pneumoniae  occurs  with  high  frequency  as  suggested  by  previous  serologic 
studies.   (Tully) 
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Acadaty  of  Sciences  for  a  3  year  term 

Albert  Z.  Kapikian 

Invited  member  of  International  Coronavirus  Stixiy  Groip,  1972 — 

Invited  member  NIAID  Task  Force  in  Virology,  1976 — 

Invited  member  of  Study  Groi?)  on  Reoviridae  of  International  Ccninittee  for  the 

Toxonony  of  Viruses,  1976 — 
Invited  speaker  at  73rd  Ross  Conference  on  Pediatric  Research  at  Ponte  Verda 

Beach,  Florida,  March,  1977 
Matiber  NIAID,  Ad  Hoc  Panel  for  promotions  from  GS-9  to  GS-11  level,  1975- 
Invited  member,  Rotavirus  stibgroip  of  the  WBD/FAD  Ocnparative  Virology  Reoviridae 

Grovp,  1977- 
Member  NIAID  Research  Contracts  Advisory  Group,  Jan  1-June  30,  1977 
Invited  participant,   the  Subccnmittee  on  Interactions  of  Infection  and 

Nutrition  Board,  National  Academy  of  Sciences  (USA) ,  Port-au-Prince, 

1 1,  lit  i,  ,I,ino  12-ir),  1077 
InviUxl  Lo  nuku  pruscjitaLiun  on  Viral  Diarrhea  at  Eleventh  Joint  Conference 

on  Viral  Diseases  of  the  U.S. -Japan  Cooperative  Medical  Science  Program, 

July  11-13,  1977,  Bethesda,  Maryland 
Invited  lecturer.  Tropical  Medicine  Course,  Walter  Reed  Army  Institute  of 

Research,  July  18-Aug.  26,  1977. 

Robert  H.  Purcell 

Invited  speaker,  Massachusetts  General  Hospital  and  the  Massachusetts  Eye  and 

Ear  Infirmary,  Boston,  Mass.  September,  1976. 
Invited  participant  WHO  Expert  Ccitmittee  Meeting  on  Viral  Hepatitis,  Octc±ier, 
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Invited  participant  First  Joint  Soviet-American  Syirposium  on  PrcAslem  Area  6 — 

Blood  Transfusion,  Soviet  Union,  October,  1976 
Invited  participant  AASID  postgraduate  oourse  on  Viral  Hepatitis,  Chicago,  111. , 

November,  1976 
Invited  participant,  Syrrposium  on  "Hepatitis  Virus" , Japanese  Medical  Research 

Foundation,  Tokyo,  Japan,  Novanber,  1976 
Participant,  Virology  Task  Force  Meeting,  Noventer,  1976 
Invited  speaker,  Ohio  State  University  and  Children's  Hospital,  Columbus,  Ohio, 

January,  1977 
iiivitod  apeakor,  Canadian  Society  for  Clinical  Investigation,  University  of 

Toronto,  Ceunada,   January,  1977 
Invited  participant,  Oak  Ridge  Conference  on  Marmosets  in  Ejqjerimental  Medicine, 

Oak  Ridge,  Tennessee,  March,  1977 
Invited  participant.  The  Fifth  Scandinavian  Virus  Syitposium,  Marstrand,  Sweden, 

Aug.  30-Sept.  3,  1977 
Invited  participant  in  75th  anniversary  celebration  of  the  Statens  Seruminstitut, 

Copenhagen,  Denmark,  September,  1977. 
Elected  member  American  Society  for  Clinical  Investigation,  1977 

Joseph  G.  Tully 

Invited  speaker,   Workshop  on  Problems  of  Serum  Contamination  and  Quality  Control 

of  Cell  Culture  Materials,  Lake  Placid,  New  York,  July  8-9,  1976. 
Invited  speaker,   Depcirtment  of  Medical  Microbiology,  Ohio  State  University, 

Columbus,  Olio,  November  22,  1976 
Invited  speaker,  Amrican  Society  for  Microbiology  meeting, New  Orleans,  La., 

May  8-14,  1977 
Invited  speaker,  Workshop  on  Mycoplasma  Infection  of  Cell  Cultures,  Camden, 

N.J. ,  March  22-23,  1977 
Participant  and  Chciintian,  WHO/FAO  Board  on  Ccnparative  Mycoplasmology. 

Participated  at  Board  meeting  in  London,  England,  Septanber  22-23,  1976 
Member,  Intemationad  Subccnmittee  on  the  Taxonaty  of  Mycoplasmatales. 

Participated  at  Subconnittee  meeting,  London,  England,  September  24,  1976 
Chairman,  International  Organization  for  Mycoplasmology.  Participated  at 

first  international  congress  of  organization,  Glasgow,  Scotland,  September, 

15-18,  1976 
Chairman,  Subconrdttee  on  Mycoplasma  Taxonany,  American  Society  for  Microbiology 

Brian  R.  Murphy 

Chairman,  International  Hym[x:).s i lun  on  Influenza  Virus  Hemagglutinin,  Vienna, 

AuHlri.i,  Miircti,  J 977 
JnviUid  speakei'  at  the  ASM  meeting  on  Myxovirus  Genetics,  Tampa,  Florida, 

March,  1977 
Invited  speaker  at  the  meeting  sponsored  by  the  International  Association  of 

Biological  Standardization  on  Influenza  Virus  Vaccines,  Geneva, 

Switzerland,  May,  1977 
Consultant  to  the  WHO  Meeting  of  the  Directors  of  the  Collaborating  Centers  for 

Virus  Reference  and  Research,  Geneva,  Switzerland,  May,  1977 
Recipient,  PHS  Ccmmendation  Medal,  1977 
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Richard  G.  wyatt 

Invited  speaker  at  Foiorth  International  Syitposium  on  Intestinal  Microeoology, 

Coluntoia,  Mo,,  May,  1976 
Invited  speaker  at  Gustav  Stem  Synposium,  Perspectives  in  Virology  X,  New  York, 

February/  1977 
Invited  participant  in  Seventy-Third  Ross  Conference  on  "Etiology,  Pathofiiysiology 

and  Treatment  of  Acute  Gastroenteritis,  Ponte  Vedra  Beach,  Florida,  March, 

1977 
Recipient,  PHS  Coirmendation  Medal,  1977 

Anthony  R.  Kalica 

Invited  participant.  International  Syirposium  on  the  Reoviridae,  University  of 
Guelph,  Ontario,  Canada,  May,  1977 

Stephen  M.  Feiristone 

Invited  speaker.  Hepatitis  syitposium,  Canadian  Society  for  Clinical  Investigation, 
Toronto,  Canada,  Feb,  1977 

Robert  B.  Belshe 

Presented  talk  at  the  American  Federation  for  Clinical  Research  Meetir»g, 

Washington,  D.C. ,  May,  1977 
Invited  participant  in  Workshop  on  Respiratory  Syncytial  and  Parainfluenza 

Viruses,  NIH,  Bethesda,  Md. ,  July,  1977 

Linda  S.  Richardson 

Presented  talk  at  the  Interscience  Conference  on  Antimicrobial  Agents  and 

Chenotherapy,  Chicago,  Illinois,  October,  1976 
Invited  participant  in  Workshop  on  Respiratory  Syncytial  and  Pcirainf luenza 

Viruses,  NIH,  Bethesda,  Md. ,  July,  1977 

Harry  B.  Greenberg 

Invited  speaker  at  Interscience  Conference  on  Antimicrobial  Agents  and 

Chemotherapy,  Chicago,  Illinois,  October,  1976 
Invited  speaker,  American  Society  of  Hqpatology  meeting,  Chicago,  Illinois, 

October,  1976 
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Major  Findings 

Background:  Iirportant  advances  have  been  made  in  elucidating  the 
etiological  agents  of  acute  infectious  nonbacterial  gastroenteritis,  a 
syndrome  that  affects  a  broad  segment  of  the  population.  It  appecirs  that 
viral  gastroenteritis  consists  of  at  least  two  entities  with  distinct 
epidemiological  characteristics.  One,  designated  epidemic  viral 
gastroenteritis,  tends  to  occur  in  family  or  oannunity-^ide  outbrealcs 
affoctincj  adults,  school-aged  children,  family  contacts  and  probably  young 
children  as  well.  'Ihe  illness  is  usually  self-limited  and 
characteristically  lasts  24-48  hours.  In  1972,  we  demooiistrated  by  irrrwne 
electron  microscopy  (lEM)  that  a  27  nm  particle — the  Norwalk  agent — was 
associated  with  an  outbreak  of  this  form  of  gastroenteritis  that  occurred 
in  Norwalk,  Ohio.  In  addition,  particles  that  reserible  the  Norwalk  agent 
morphologically  have  also  been  associated  by  lEM  with  2  family  outbreaks  of 
gastroenteritis,  one  in  Hawaii  and  the  other  in  Montgonery  County  (MC) ,  Md. 
Ihe  Norwalk  and  Hawaii  agents  appear  to  be  distinct,  whereas  the  NorwedJc 
and  MC  agents  appecu:  to  be  related. 

The  other  form  of  gastroenteritis  designated  sporadic  infantile 
gastroenteritis  has  been  associated  predoninantly  with  a  severe  form  of 
diarrhea  affecting  infants  and  yoimg  children,  that  often  necessitates 
hospitalization  and  parental  fluid  therapy.  The  illness  rate  among  family 
contacts  of  infants  with  this  form  of  diarrhea  is  lew.  It  is  evident  new 
fron  studies  in  many  parts  of  the  world  that  a  70  nm,  human  reovirus-like 
(HRVL)  agent,  (also  designated  rotavirus,  duovirus,  and  infamtile 
gastroenteritis  virus) ,  is  a  major  etiological  agent  of  sporadic  infantile 
gastroenteritis.  Before  the  discovery  of  this  agent  by  Australian 
investigators  in  1973,  the  etiology  of  the  majority  of  Ccises  of  infantile 
gastroenteritis  was  unkncwn. 

Since  the  last  annual  report,  our  gastroenteritis  studies  have  focused  not 
only  on  the  reovirus-like  agents  but  also  on  the  Norwalk  agent.  Much 
progress  has  been  made  in  develeping  rapid,  efficient  and  sensitive  methods 
for  the  detection  of  infections  caused  by  the  HRVL  agent  and  the  Norwalk 
agent.  In  addition,  we  have  expanded  the  scope  of  our  studies  by 
developing  rapid,  efficient  and  sensitive  methods  for  the  detection  of 
infections  caused  by  heat-labile  enterotoxin  producing  E^  coli.  Major 
findings  since  the  previous  annual  report  are  presented  belew. 

A.  Studies  on  the  etiology  of  nonbacterial  gastroenteritis  among  infants  and 
young  children  admitted  to  Children's  Hospital,  Washington,  D.C. 

In  last  years'  annual  report  we  described  the  HRVL  agent  (rotavinos)  as  the 
major  etioloijic  agent  of  acute  diarrheal  illnesses  in  hospitalized  infants 
and  younq  children.  The  virus  was  detected  by  electron  microscopy  (EM)  in 
tho   stool.'-,  or  rofl.Tl  ;;w.il).s  of  42%  of  143  patients  admitted  with  acute 
gfiistroenLeritis  between  January,  1974-June,  1975.  Fifty  percent  of  the 
patients  studied  by  both  virus  detection  (EM)  and  serological  techniques 
demonstrated  evidence  of  infecticxn  with  this  agent.  In  addition,  we 
reported  that  there  was  a  striking  seasonal  pattern  of  HRVL  infection  cis 
such  infections  occurred  only  during  the  cooler  months  of  the  yeaur.  These 
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studies  have  continuejd  in  collaboration  with  the  Children's  Hospital,  D.C, 
staff  witli  one  major  change:  the  examination  of  stools  or  rectal  swabs  for 
viruses  by  EM  has  been  carried  out  exclusively  at  Children's  Hospital  by 
Dr.  Brandt.  In  addition,  Dr.  Brandt  and  Dr.  Kim  have  been  responsible  for 
tabulation  of  data.  Serologic  stijdy  of  paired  sera  for  evidence  of  HRVL 
infection  is  still  being  performed  in  LID.  During  the  next  period,  July, 
1975  to  June,  1976,  43.4%  of  145  infants  and  young  children  hospitalized 
with  gastroenteric  illnesses  were  found  to  be  shedding  the  human  rotavirus. 
Such  infections  were  detected  only  fron  December,  1975  through  May,  1976 
with  a  peak  in  January,  1976  vAien  88.4%  of  the  patients  were  HFR/L  positive. 
In  addition,  during  the  6  calendar  months  v*ien  HRVL  infections  were  found, 
35.5%  of  62  gastroenteritis  outpatients  had  evidence  of  HP^/L  infection 
indicating  that  the  HRVL  agent  was  also  responsible  for  a  large  percentage 
of  gastroenteritis  illnesses  that  did  not  require  the  patient  to  be 
admitted  to  the  hospital.  During  the  period  January,  1974  throu)^  June, 
1976,  HRVL  particles  were  detected  in  124  (43.1%)  of  288  inpatients  with 
gastroenteritis.  Combined  data  fron  gastroenteritis  ir^satients  during  the 
January  18,  1974-June,  1976  period  also  revealed  that  83.3%  of  66 
gastroenteritis  inpatients  sanpled  during  3  si;ich  successive  Januaries  were 
found  to  be  shedding  the  HRVL  agent.  Analysis  of  the  serologic  studies  of 
inpatients  during  the  July,  197 5- June,  1976  period  is  currently  in 
progress . 

B.  Studies  of  parents  of  hospitalized  pediatric  patients  with  acute 
gastroenteritis 

In  an  attempt  to  study  the  possible  mode  of  transmission  of  the  HRVL  agent 
we  studied  parent  contacts  of  patients  admitted  to  Children's  Hospital 
(D.C.)  with  a  diarrheal  illness.  In  last  years'  annual  report,  we 
presented  our  findings  on  parents  of  children  infected  with  the  HRVL 
agent;  these  findings  were  coitpiled  from  clinical  data,  examination  of 
available  stools  by  lEM  and  detection  of  serum  antibody  by  the  CF 
technique.  In  this  year's  annual  report,  we  present  findings  on  parents  of 
hospitalized  children  with  or  without  HRVL  associated  geistroenteritis  and 
in  addition  include  results  obtained  by  examination  of  sera  for  HRJL 
antibody  by  the  iitinunoflixjrescence  (IF)  technique,  atese  studies  were  led 
by  Dr.  Kim  of  Children's  Hospital  (D.C.) .  Paired  serum  saitples  were 
obtained  from  64  adult  contacts  of  gastroenteritis  patients  at  or  within  a 
few  days  of  the  child's  admission  and  about  one  month  later.  Serologic 
evidence  (CF  and/or  IF)  of  HRVL  infection  was  found  in  22  (55%)  of  40 
contacta  whose  children  lud  such  infection  and  iii  only  4  (17%)  of  24  whose 
children  were  not  infected  with  the  HRVL  agent.  Cnly  one  of  the  available 
stool  specimens  from  21  adult  contacts  studied  was  positive  for  the  HRVL 
agent  by  lEM;  this  positive  specimen  cairie  from  a  parent  whose  child  shed  the 
HRVL  agent.  Only  3  of  the  intected  contacts  developed  a  diarrheal  illness 
around  the  time  of  their  child's  illness.  This  would  indicate  that 
subclinical  HRVL  infections  occur  quite  frequently  among  adults.  Most  of 
the  infected  adults  possessed  HRVL  antibody  in  their  initial  serum  sanple. 
The  indirect  IF  technique  was  more  efficient  than  CF  for  detecting 
serologic  evidence  of  HRVL  infection.  Overall,  11  (22%)  of  64  contacts  had 
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a  four- fold  or  greater  rise  in  serum  CF  antiboc^,  v*iereas  a  four-fold  or 
greater  rise  in  IF  antibody  developed  in  22  (43%)  of  51  contacts.  Fifty- 
one  paired  sera  were  tested  by  both  CF  and  IF  methods:  a  four-fold  or 
greater  rise  in  HRVL  antibody  was  demonstrated  by  both  methods  in  10 
persona,  wheroas  tn  12  instances  such  a  response  was  found  only  by  the  IF 
toclmiqiu.'  niKi  in  ono  instance  only  by  CF.  Neither  method  detected  a 
seroreaixjnae  on  28  occasions.  The  finding  of  such  a  high  rate  of  HFR/L 
infection  in  parent  contacts  of  HFVL  infected  patients  suggests  that  (a) 
transmission  of  the  agent  within  families  was  frequent  during  the  time  of 
the  HRVL  illness  of  the  hospitalized  pediatric  patient,  (b)  the  agoit  was 
highly  contagious  within  the  family  unit  and  (c)  HRVL  agent  may  be 
transmitted  to  the  very  young  infant  by  older  infected  family  menibers  since 
the  infant  may  have  little  contact  with  other  infants  and  young  children 
outside  the  family  v*io  are  shedding  the  agent. 

C.  Clinical  features  of  illness  with  the  human  reovirus-like  agent 

Analysis  of  clinical  findings  (studies  led  by  E>r.  Rodriguez  and  Dr.  Kim, 
Childrens'  Hospital,  D.C.)  observed  in  hospitalized  gastroenteritis 
patients  during  the  January,  1974-JUne  1975  portion  of  the  stuiy  revealed 
that  83%  of  the  gastroenteritis  patients  with  HIWL  infection  were 
dehydrated  conpared  to  40%  of  those  without  such  infection.  Dehydration  was 
usually  of  mild  or  moderate  degree  in  both  groups  of  patients.  Ninety-five 
percent  of  the  dehydration  in  the  HF^/L  group  and  77%  in  the  HRVL  negative 
groijp  was  isotonic.  The  HRVL  infection  positive  group  tended  to  have  a 
larger  number  v*io  had  pharyngeal  and  tynpanic  membrane  erythena  and 
lynphadenitis .  In  addition,  as  determined  from  admission  history  and 
hospitalization  record  a  higher  proportion  of  the  HRVL  group  vonited  (96%  vs 
58%)  and  vatiiting  was  of  laiger  duration  (2.6  days  vs.  0.9  days) .  Diarrhea 
started  later  and  lasted  longer  than  voniting  (5  days  vs.  2.3  days)  in  the 
HRVL  group.  Once  hospitalized  a  patient's  diarrhea  lasted  2.6  days  (range 
1-9  days)  in  the  HRVL  group  and  3.8  days  (range  1-16  days)  in  the  HFVL 
negative  groip.  Management  consisted  essentially  of  restriction  of  oral 
fluids  and  administraticn  of  parenteral  fluids.  Coral  fluids  were 
restricted  an  average  of  24  hrs.  for  the  HRVL  group,  .inci  16.5  hrs.  for  those 
without  such  infection.  The  mean  duration  of  intravenous  fluid  therapy  was 
essentially  the  same  in  both  qrovps,  about  2  days.  TlTe  duration  of 
hospitalization  ranged  fron>  2-14  days  for  the  HRVI,  group  with  a  mean  of  4 
days,  whereas,  for  the  non-HRVL  group  it  remged  from  2-27  days  with  a  mean 
of  6  days.  Recovery  was  uneventful  for  patients  with  HFWL  infection. 
Regarding  clinical  laboratory  findings,  a  significantly  greater  nutiaer  of 
patients  with  HRVL  infection  had  a  BUN  level  of  18  rrg/dl  and  urine  specific 
gravity  elevations  of  over  1.025.  Examination  of  fecal  material  fron  72 
patients  revealed  that  6  (16%)  of  38  v*k)  had  HRVL  infection,  had  excess 
fecal  leukocytes  and  only  one  of  them  also  had  a  bacterial  pathogen.  In  the 
total  group,  excess  fecal  leukocytes  were  found  in  each  of  5  who  had  at 
least  one  bacterial  pathogen  and  in  7  of  67  vrtio  did  not,  indicating  a 
possible  lack  of  specificity  of  this  test  for  indicating  the  presence  of 
potential  enteric  bacterial  pathogens. 
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D.  Inoculation  of  VDlunteers  with  the  HE^VL  agent 

A  safety  tesiced  inoculum  consisting  of  30  ml  of  a  1:300  dilution  of  an 
approximate  2%  filtrate  prepeired  fran  a  stool  obtained  fron  a  13-month  old 
child  (D)  hospitalized  with  gastroenteritis  has  now  been  administered 
orally  to  14  volunteers.  Each  volunteer  also  received  sodium  bicarbonate 
shortly  prior  to  administration  of  the  virus  containing  solution.  In  last 
years'  annual  report  we  noted  that;  (a)  6  volunteers  vAio  possessed 
relatively  high  or  moderate  levels  of  preexisting  serum  antibody  to  HFWL 
and/or  related  antigens  did  not  develop  a  definite  illness  after  challenge, 
but  2   or  thti  6  did  develop  seirologlG  evidence  of  infection  although  th© 
HRVL  agent  could  not  be  detected  in  their  stoola  by  EM)  (b)  2  of  4 
volunteern  \foo  possessed  lew  levels  of  pre-existing  HRVL  serum  antibody  did 
not  develop  definite  illness  but  one  shed  the  HRVL  agent  for  one  day  and 
developed  a  HRVL  seroresponse;  the  other  2  became  ill — one  developed  a 
febrile  illness  without  diarrhea,  did  not  shed  the  HEVL  agent  but  did 
develop  a  seroresponse,  and  the  other  developed  definite  gastroenteritis, 
shed  the  HRVL  agent  and  developed  a  seroresponse. 

The  HRVL  agent  was  given  to  4  additional  volunteers  with  low  levels  of 
preexisting  HKVL  serum  antibody:  2  did  not  develop  illness,  did  not  shed 
the  agent  or  develop  a  seroresponse;  the  other  2  volunteers  each  developed 
gastroenteritis,  shed  the  virus  and  develc^Jed  a  seroresponse.  One  of  these 
illnesses  was  mild,  lasting  only  1  day.  The  other  illness  was  more  severe 
and  the  volunteer  passed  31  stools  in  4  days  with  a  peak  of  12  on  one  day. 
Each  of  the  ill  volunteers  recovered  without  ccrplications;  parenteral 
fluid  therapy  was  not  required. 

In  total,  7  of  14  volunteers  administered  the  HRVL  agent  became  infected;  3 
developed  gastroenteritis  ard  one  had  a  febrile  illness  without  diarrhea. 
Individuals  with  lew  levels  of  pre-existing  serum  antibody  became  infected 
and  developed  illness  more  often  than  persons  with  a  high  titer  of  serum 
antibody.  iJius,  we  have  identified  a  serologic  correlate  of  resistance  to 
the  virus.  However,  it  is  likely  that  local  intestincil  immunity  (secretory 
antibody)  plays  a  more  inportant  role  than  serum  antiboc^  in  resistance. 
It  has  been  difficult,  if  not  inpossible,  to  identify  adxilts  without 
preexisting  serum  antibody  to  the  HRVL  agent.  However,  the  fact  that 
illness  can  be  induced  in  seme  adults  with  small  amounts  of  serum  antibody 
is  encouraging  for  future  studies  since  the  effectiveness  of  potential 
vaccines  can  be  evaluated  in  such  susceptible  adult  volunteers.  Also,  the 
mechanism  of  immunity  to  the  HRVL  agent  is  new  amenable  to  study  in  adults. 
For  exanple,  a  rechallenge  study  of  volunteers  vdio  developed  illness  on 
initial  challenge  should  yield  valuable  information  on  the  mechanism  and 
duration  of  HRVL  imnwnity. 

E.  In  Vivo  Cross-protection  Studies  of  Calf  and  HKVL  Agents  in  Calves 

Previously  we  reported  the  developnent  of  diarrhea  in  gnotobiotic  newborn 
calves  administered  the  HRVL  agent  ("D"  strain)  by  the  intraduodenal  route. 
Qnn  prnix)F.Gd  use  ot  this  model  was  to  study  antigenic  relationships  between 
varioiLS  strains  ot  animal  and  human  RVL  agents  by  evaluating 
cross-protection  against  disease  using  different  rotavirus  strains.  We 
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were  hindered  in  doing  tiiese  studies  in  normal  gnotobiotic  nevAom  calves 
since  susceptibility  to  diarrheal  illness  was  lost  3-5  days  after  delivery. 
Iherefore,  ejqjeriments  were  designed  in  v^ilich  6-8  1/2  no.  fetiases  of 
pregnant  cows  received  primary  vims  challenge  in  utero  by  intra-amniotic 
inoculation.  The  secondary  virus  challenge  was  by  intraduodencil 
inoculation  of  the  gnotctoiotic  calves  on  the  day  of  delivery. 

Four  animals  were  studied  initially  to  see  if  calf  FVL  agent  challenge  in 
utero  would  protect  against  subsequent  hcnologous  challenge  at  birth.  IVro 
animals  received  50  ml.  of  a  2%  bacteria- free  filtrate  containing  calf  RVL 
cind  two  received  the  suspending  medium  intra-amniotically .  At  birth  all 
were  challenged  with  calf  RVL  agent.  Both  animals  without  prior  vinjs 
exposure  in  utero  developed  typical  diarrheal  disease  v*ien  challenged  at 
birth,  while  the  two  animals  previously  infected  in  utero  remained  free  of 
disease  following  challenge  at  birth.  Animals  inoculated  with  virus  in 
utero  had  ccttplement-f  ixing  antibody  to  rotavirus  in  oord  serum  and  also 
developed  a  further  four-fold  or  greater  rise  in  serum  antibocfy 
approximately  three  weeks  after  their  neonatal  inoculation.  Ihe  oord  sera 
of  animals  not  inoculated  with  virus  m  utero  were  free  of  such  antibody, 
and  a  typical  primary  serum  antibody  response  was  noted  following  virus 
challenge  at  birth. 

We  were  encouraged  by  the  ability  of  the  fetal  calf  to  raoimt  such  an 
ittinune  response  and  extended  these  studies  to  see  if  calves  similarly 
infected  in  utero  with  calf  RVL  agent  were  resistant  to  subsequent 
challenge  with  ti"je  HRVL  agent.  Five  animals  were  given  calf  RVL  agent 
intra-amniotically  and  then  challenged  with  the  HFVL  agent  ("D"  strain)  at 
birth.  None  developed  diarrhea,  and  all  had  oonplenent-fixing  rotavirus 
antibody  in  cord  sera.  In  contrast,  four  of  five  control  animals  without 
previous  exposure  to  calf  rotavirus  developed  typical  diarrhea  v*ien 
challenged  with  a  standard  human  rotavirus  prepeuration.  All  five  developed 
a  primary  serxm  antibody  response  indicating  that  the  one  non-ill  animal 
had  in  fact  been  infected. 

ihese  studies  indicate  for  the  first  time  that  infection  with  the  calf  FVL 
agent,  protects  calves  against  illness  caused  by  the  HRVL  agent.  If  the 
calf  RVL  agent  is  c^jable  of  infecting  man  without  prodix:ing  illness,  such 
infection  might  similarly  confer  protection  against  s\±>sequent  disease 
produced  by  human  rotaviarus.  It  is  hc^ed  that  studies  sxich  as  these  can 
be  extended  to  gnotobiotic  piglets,  another  animal  host  susceptible  to 
human  rotavirus-  induce  diarrhea. 

F.  Attempts  to  propagate  in  vitro  selected  viruses  (Norwalk  virus 
group  and  rotavirus)  associated  with  human  gastroenteritis 

This  area  of  investigation  has  met  largely  with  failuire  and  frvistration. 
Several  new  approaches  have  been  tried  unsuccessfully  during  the  past  year 
and  are  briefly  recorded  here.  Members  of  the  Norwalk  groi;p  of  viruses 
were  inoculated  into  Crandall  cat  kidney  cell  cultures  and  blind-passaged 
six  times  at  32°C.  Cytopathic  effects  were  not  seen.  This  approach  was 
taken  because  of  the  successful  cultivation  of  Aleutian  mink  disease  vinos, 
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a  known  parvovirus,  in  these  cells.  Four  newly-cJeveloped  cell  strains  HIC- 
7,  MHI-6,  MK:-C12,  MHC-C18  derived  fron  human  erttoryonic  intestine  at  the 
Alton  Jones  Cell  Science  Center,  Lake  Placid,  N.Y.  were  studied 
collaboratively  at  LID.  Attenpts  to  propagate  the  Norwalk  virus  and  two 
strains  of  himan  rotavirus  failed. 

Serial  passage  of  the  HRVL  agent  (strain  "Fh")  that  grcws  poorly  in  human 
embryonic  kidney  (HEK)  cell  c\iLture  was  continued.  After  24  passages  in 
such  cells  the  virus  still  produces  only  questionable  CPE,  although  viral 
antigen  can  be  detected  at  a  low  level  by  iimiunofluorescence,  ELISA,  EM, 
and/or  RIA.  Cnly  morphologically  "incomplete"  virus,  i.e.,  viirus  lacking 
the  outer  capsid  is  produced  during  infection  of  HEK  cells  suggesting  that 
virus  maturation  is  blocked  at  a  late  state  of  assembly.  Other  workers  have 
shown  that  a  similar  inoonplete  calf  rotavirus  has  low  infectivity.  "Die 
difficulty  in  obtaining  HEK  cells  has  severely  limited  our  efforts  to  study 
the  human  rotavinis  in  cell  culture. 

Forty-two  fecal  preparations  frciti  infants  and  young  children  that  contained 
the  HRVL  agent  were  inoculated  or  reinoculated  into  HEK  and  BEK  cultures; 
at  least  three  blind  sericil  passages  were  carried  out.  No  cytcpathic 
rotavirus  emerged  and  to  date  none  of  these  strains  have  grown  based  an 
tests  performed  by  the  ELISA  system  for  antigen  detection.  Sane  sairples 
were  tested  with  and  without  treatment  with  poly-d-arginine . 

G.  Developnent  of  a  plaque  assay  system  for  calf  rotavirus 

In  an  attertpt  to  plaque  the  cell-culture  adapted  Nebraska  ccilf  diarrhea 
virus  (NCDV) ,  fourteen  different  cell  lines  were  inoculated  with  NCDV  and 
screened  for  fluorescent  foci.  Such  foci  were  most  numerous  in  CV-1 
cells.  Although  subsequent  efforts  under  a  variety  of  ccaiditions  to 
plaque  the  NCDV  failed,  another  strain  of  calf  rotavirus  fron  England  ("UK" 
strain)  formed  easily  detectable  plaques  in  the  same  CV-1  cells.  This 
assay  systan  Is  now  being  developed  as  a  sensitive  plaque  reduction  test 
for  neutralizing  antibody  to  RVL  agents. 

In  addit,ion,  it  was  found  that  the  "UK"  strain  of  the  calf  RVL  agent  forms 
plaques  in  primary  African  green  and  calf  kidney  cell  cultures.  Triply 
plaque-purified  virus  suspensions  are  being  prepared  using  these  methods. 
Such  virus  pools  are  highly  desirable  for  fiorther  study  of  the  "UK"  strain 
of  the  calf  RVL  agent  as  a  possible  vaccine  candidate  strain  for  human  use 
as  discussed  elsewhere  in  this  report. 

H.  Use  of  a  fluorescent  virus  precipitin  assay  for  detection  of  the  HRVL  agent 

We  attempted  to  utilize  a  fluorescent  virus  precipitin  test,  previously 
described  by  others  for  NCVD  and  the  HRVL  agent,  as  a  method  for  studying 
HRVL  infection.  This  method  allows  for  rapid  detection  of  HFWL  agent  by 
reacting  the  virus  with  fluorescein- labeled  antibody.  The  virus  antibocfy 
carp  lex  is  centrifuged  and  examined  by  fluorescence  micarosc^jy.  In  a 
corparative  survey,  64  of  67  specimens  yielded  concordant  results  when 
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tested  by  electron  microscopy  and  iimtunof  luorescence .  Hcwever,  beccuose  the 
iimtunof luorescence  method  requires  subjective  interpretation  of  a 
fluorescent  reaction  and  does  not  lend  itself  to  testing  a  large  number  of 
specimens  rapidly  it  is  not  a  practical  method  for  large  scale 
epidemiologic  studies.  Since  other  more  practical  tests  have  been 
developed  for  detecting  the  HEVL  agent,  we  are  not  pursuing  further 
application  of  this  method  for  detection  of  the  human  agent. 

I.  Development  of  a  solid-phase  radioirrmunoassay  (RIA)  for  the  detection  of 
the  HRVL  agent 

A  major  need  for  the  study  of  HRVL  infections  was  the  development  of  a 
rapid,  sensitive  and  efficient  method  for  detecting  the  agent.  Much 
progress  was  made  in  this  area,  but  foremost  was  the  development  of  a 
solid-ptese  radioiitmunoassay  and  an  enzyme  linked  iimtunosorbent  assay. 
Human  rotavirios  was  purified  from  fecal  material  after  passage  in  a 
gnotcbiotic  calf  and  the  purified  antigen  was  used  to  raise  hyperiitinune 
guinea  pig  antiserum.  This  antihuman  rotavirus  guinea  pig  serum  was  then 
used  to  develop  a  specific  and  sensitive  solid  phase  microtiter 
rauJioimnunos^say  for  detection  of  the  human  rotavirus  in  the  stool  or 
rectal  swab  specimens  from  infants  and  young  children  ill  with 
gastroenteritis.  A  direct  sandwich  test  was  carried  out  by  first  coating 
polyvinyl  microtiter  wells  with  75  ul  of  antihumain  rotavirus  guinea  pig 
IgG.  ^25  ul  aliquot  of  test  stool  material  was  then  added  and  finally  50 
ul  of    I  labeled  antirotavirus  IgG  was  used  to  detect  binding  of  human 
rotavirus  to  the  antibody  coated  well.  Stool  or  rectal  swab  specimens  from 
143  infants  and  young  children  ill  with  gcistroenteritis  were  tested  by  RIA 
and  the  results  cotpared  to  those  obtained  previously  by  lEM.  There  was 
cotplete  concordance  between  the  RIA  and  lEM  resvdts.  The  specificity  of 
the  RIA  test  was  further  demonstrated  by  using  a  blocking  test  that 
provided  an  alternative  method  to  EM  for  confirming  RIA  positive  results. 

The  sensitivity  of  the  RIA  test  was  equal  to  that  seen  with  EM,  the  most 
consistently  sensitive  method  currently  available  for  detection  of  human 
rotavirus  in  stools.  The  RIA  test  appears  useful  for  testing  a  large 
number  of  sanples  in  a  single  test  in  a  relatively  short  time  and  thus 
should  be  useful  in  epidemiological  studies  with  the  human  rotavirus. 

RIA  tests  were  also  developed  for  the  Nebraska  calf  dieunrhea  virus  (NCDV) , 
the  simian  agent-11  (SA-11)  and  the  Offal  agent  ("0"  agent)  using  the  same 
methodology. 

J.  Development  of  an  enzyme-linked  immunosorbent  assay  (Ft.tra.)  for  the 
detection  of  the  HRVL  agent 

As  noted  above,  a  solid-phase  radioirtmunoassay  (RIA)  has  been  described  for 
the  detection  of  HRVLA  in  human  stools.  Althou^  it  is  as  sensitive  as  EM 
for  the  detection  of  HRVL  agent  and  offers  the  advantage  of  being  suitable 
for  the  study  of  a  large  number  of  specimens  in  a  short  period,  the  need 
for  radioactive  reagents  and  expensive  radiation-counting  equipment  makes 
this  technique  inpractical  in  many  situations.  In  an  attenpt  to  overocxne 
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some  of  these  limitations,  we  developed  an  enzyme  linked  Inmunosorbent 
assay  (ELISA)  system  for  detection  of  the  HRVL  agent  using  reagents  similar 
to  thoBe  used  in  the  RIA  test;  hcwever,  in  the  ELISA  system  the  enzyme 
alkaline  phosphatase  is  linked  to  antibody  instead  of  a  radioisotope.  The 
extent  of  the  reaction  is  determined  by  the  amount  of  yellcw  color  produced 
by  the  action  of  alkaline  phosphatase  on  a  substrate.  Tivs  yellcw  color  is 
read  either  with  the  naked  eye  or  with  a  colorimeter.  A  colorimeter, 
designed  jointly  by  this  laboratory  and  the  BEIB,  was  capable  of 
determining  the  amount  of  yellow  color  in  a  specimen  well  through  the  [ 
botton  of  a  microti ter  plate.  Reading  the  plates  visually  or  with  a 
colormeter  there  was  almost  complete  agreement  bet»ieen  EM  and  ELISA  in 
determining  the  presence  or  absence  of  the  HRVL  agent  in  212  stool  or 
rectal  swab  filtrates.  ELISA  also  proved  to  be  afplicable  to  the  detection 
of  HRVL  agent  in  crude  2%  stool  suspensions.  ELISA  is  thus  a  sensitive 
method  for  the  detection  of  HRVL  agent.  Because  it  does  not  use 
radioactive  reagents  or  special  equipment,  and  can  be  read  visually,  ELISA 
can  be  used  to  detect  HWL  agent  in  underdeveloped  countries  v*iere  the 
virus  is  probably  a  significant  cause  of  mortality.  An  ELISA  assay  for  the 
detection  of  heat  labile  toxin  produced  by  E^  coli  is  also  being  developed 
with  the  expectation  of  similar  benefits. 

ELISA  systons  are  also  being  developed  for  the  detection  of  antibody  to  the 
HRVL  agent  and  antibody  to  the  heat  labile  toxin  of  E^  coli.  The  ELISA 
system  for  antibody  detection  has  the  additional  advantage  that  class 
specific  antibodies,  such  as  IgG,  IgM  aral  IgA,  can  be  measured.  Such 
systems  will  allow  for  the  further  elucidation  of  the  iinttune  response  to 
infection  with  these  agents. 

K.  Study  of  the  RNA  of  rotavirus:  Cotparison  of  animal  and  human  strains 

The  rotavirus  genotie  is  believed  to  consist  of  11  or  12  double  stranded  RNA 
segments  that  can  be  separated  by  polyacrylamide  gel  electrophoresis.  An 
effort  to  increase  the  resolution  of  the  gel  electrqphoresis  system  has 
resulted  in  an  improved  method  for  distinguishing  rotavirus  strains  by 
analysis  of  electrophoretic  patterns  of  viral  RNA.  The  irrproved  method 
allowed  separation  of  11  distinct  RNA  bands  on  2.5%  acrylamide-0 . 5%  agarose 
gels,  thus  deanonstrating  conclusively  that  rotaviruses  contain  11  RNA 
species.  The  resolution  obtained  permitted  separation  of  RNA  molecules 
differing  by  20,000  daltons  or  an  estimated  35  base  pairs. 

Resolution  of  all  11  molecular  species  of  RNA  of  the  human  rotavirus  also 
provided  a  means  of  estimating  the  molegular  weight  of  each  RNA  species. 
The  11  RNA  species  ranged  from  5.2  x  10  to  1.89  x  10  daltons.  In 
addition,  calculation  of  a  hypothetical  polypeptide  coded  for  by  each  RNA 
species  produced  values  that  agreed  with  published  molecular  weight  values 
for  10  polypeptides  observed  for  the  lamb  rotavirus. 

Cattparison  of  the  RNA  patterns  of  animal  and  human  rotavirus  RNA's  were 
made.  Animal  viruses  studied  included  the  NCDV  and  UK  calf  rotaviruses,  the 
"0"  agent  and  SA-11.  IWo  isolates  of  human  rotavirus  from  each  of  the  past 
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four  winter  seasons  (1974-1976)  were  passaged  in  gnotx±)iotic  calves  and  the 
vims  fran  calf  feces  was  purified  and  used  for  RSIA  analysis  by  gel 
electrophoresis . 

Results  from  coelectrophoresis  of  animal  rotaviruses  shc^^ied  a  significant 
difference  in  at  least  one  RNA  species  in  eacft  pair  studied.  Three  of  the 
five  human  strains  studied  thus  far  have  shewn  a  distinct  FNA  migration 
pattern  indicating  the  existence  of  at  least  3  strains  of  human  rotavirus 
discemable  by  this  technique.  Coelectrophoresis  of  human  and  aniitel 
rotavirus  RNA' a  resulted  in  as  many  as  8  migratiai  differences  when  the 
human  strain  "L"  and  the  calf  UK  strain  were  oonpared. 

Polypeptides  with  molecular  weights  of  72,000,  45,000,  37,000,  and  30,000 
cotpose  the  outer  capsid  of  the  animal  rotaviruses.  Ihese  polypeptides  are 
theoretically  coded  for  by  RNA  segments  number  5,  9,  10  and  11.  Since 
differences  in  the  migration  of  all  foiar  of  these  RNA  segments  are  kncwn  to 
exist  between  human  "L"  and  UK  cedf  virus  it  appears  from  RNA  analysis  that 
these  two  viruses  will  likely  esdxibit  serologiced  differences. 

L.  Development  of  rotavirus  reagents. 

Antigen  -  Since  we  are  unable  to  grew  the  human  rotavirus  to  high  titer  in 
cell  culture,  we  have  continued  to  turn  to  previously  described  animal 
models  for  a  source  of  antigen.  Primarily,  gnotobiotic  nevA»m  calves  have 
been  used  to  generate  virus  stocks  in  the  form  of  calf  diarrheal  feces.  A 
very  profitable  collaboration  with  Dr.  C.A.  Mebus  at  the  University  of 
Nebraska  has  led  to  the  development  of  such  virus  stocks  that  include  8 
different  strains  of  human  rotavirus.  Similar  efforts  to  develop  a  stock 
of  EDIM  virus  failed  however.  The  utilization  of  these  reagents  is 
described  elsewhere  in  this  report. 

Hyperiimtune  eintisera  -  (a)  Hyperintnune  antiservjn  prepared  in  goats. 
With  the  developnent  of  more  useful  and  sensitive  antibody  and  antigen 
assays  (radioimmunoassay  and  enzyme  linked  iitmunosorbent  tests)  as  well  as 
the  cCTitinued  use  of  older  serological  methods  (ocnplement  fixation  and 
fluorescence  antibody  assay)  the  need  arose  for  larger  amounts  of  antihuman 
rotavirus  senam  vi*iich  might  be  used  as  a  standard  reagent.  In  order  to 
obtain  this  kind  of  reagent  two  goats  with  little  or  no  antibody  (:^:4 
serum  CF  antibody  titer)  to  rotavirus  were  selected.  After  obtaining  a 
preinoculation  serum  a  goat  was  inoculated  with  a  virus  preparation  that 
had  been  purified  by  velocity  centrifugation  in  sucrose,  followed  by 
centrifugation  in  a  discontinuous  cesixm  chloride  (CsCl)  density  gradient. 
Cesium  chloride  gradient  fractions  with  densities  of  1.38  and  1.42  g/ml 
were  pooled,  pelleted  and  resuspended  in  1  ml  of  phosphate  buffered  saline 
(PBS) .  One  hedf  ml  of  this  material  was  anulsified  with  0.5  ml  of 
incatiplete  Freund's  adjuvant  and  the  mixture  inoculated  intramuscularly.  A 
second  goat  was  inoculali^d  with  an  anulsion  of  0.5  ml  of  incomplete 
Freund's  adjuvcinc  and  0.5  ml  of  purified  virus  from  a  sucrose  gradient. 
Fractions  12  and  13  frcni  the  velocity  centrifugation  in  sucrose  were  shewn 
to  contain  virus  particles  by  RIA  and  EM  and  these  two  fractions  were 
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pcx)led,  t±ie  vinos  pelleted  and  resuspended  in  1  ml  of  PBS.  The  virus  used 
in  this  case  was  not  subjected  to  further  purification  in  CsCl  in  an 
atteitpt  to  avoid  possible  degradation  by  CsCl  and  thus  preserve  the 
integrity  of  the  virus  particles.  Fecal  samples  vere  cxsllected  for  10  days 
post  inoculation  to  deterndne  if  virus  was  shed  following  intramuscular 
inoculation.  Ten  per  cent  goat  fecal  suspensions  were  tested  h«y  ELISA  and 
all  sanples  proved  negative  for  the  presence  of  rotavirus.   Both  goats 
wore  bcxisteti.  witJn  their  respective  antigens  mixed  with  Freund's  incotplete 
adjuvant  4  weeks  after  the  initial  inoculation.  Ihe  goats  were  bled  weekly 
and  yielded  a  total  of  approximately  900  (goat  #1)  and  700  (goat  #2)  ml  of 
serum  v^ich  had  a  CF  antibody  titer  of  1:256  to  1:512  vs.  NCDV  antigen. 

b)  Hyper iimtune  antiserum  prepared  in  guinea  pigs.  Antiserum  agcdnst  human 
(strain  "D")  and  calf  strains  NCDV  and  UK  ware  prepared  in  guinea  pigs. 
The  antigens  were  sucrose  and  CsCl  density  gradient  purified.  The  CsCl 
gradient  fractions  with  densities  between  1:36  and  1:43  g/cc  were  pooled 
and  diluted  1:32  in  PBS.  Guinea  pigs  were  inoculated  I.M.  in  each  hind  leg 
(0,5ml/leg)  with  a  mixture  of  equal  volumes  of  diluted  purified  antigen  and 
Freund's  incotplete  adjuvant.  The  animals  were  test  bled  and  boosted  at  4 
weeks  and  bled  at  weekly  intravals  thereafter-  Guinea  pigs  inoculated  with 
the  UK  calf  rotavirus  were  maintained  in  a  special  isolator.  TtJe 
hyperimnune  serum  had  a  CF  titer  of  1:160  to  1:320  vs.  NCDV  \ibsreas   the  UK 
antiserum  had  a  CF  titer  of  <1:2048  vs  NCDV. 


M.  Studies  on  immunity  in  acute  gastroenteritis  induced  by  the  Norwalk  agent 

Vte  collaborated  with  Dr.  Blacklow  and  colleagues  fron  Massachusetts  (at 
their  invitation)  in  a  study  of  iitmunity  to  the  Norwalk  agent.  iMs  study 
which  involved  multiple  challenges  with  the  Norwalk  agent  has  changed  our 
concept  of  intestinal  iimiunity  against  Norwalk  disease  and  has  raised 
questions  concerning  the  feasibility  of  any  method  of  iititiunoprc^hylaxis  for 
this  type  of  gastroenteritis.  In  this  study,  12  healthy  male  volunteers 
were  administered  the  Norwalk  inoculum  orally  on  two  occasions,  27-42 
months  apart,  and  4  were  administered  the  agent  orally  a  third  time  4-8 
weeks  after  the  second  challenge.  Each  of  the  6  volunteers  v*io  develc^ied 
illncjss  on  first  challenge  developed  another  gastroenteritic  illness  v*ien 
rechallenged  27-42  months  later  with  the  same  Norwalk  inoculum.  In 
contrast,  none  of  the  6  volunteers  v*io  did  not  become  ill  on  initial 
challenge  developed  illness  on  rechallenge  31-34  months  later  with  the  same 
Norwalk  inoculum.  A  third  Norwalk  challenge  was  carried  out  4-8  weeks 
later  in  4  of  the  volunteers  v*io  had  twice  developed  illness.  One  of  the  4 
developed  gastroenteritis.  Available  biopsy  studies  were  consistent  with 
the  clinical  findings.  In  addition,  sequential  sera  from  5  of  the 
volunteers  who  developed  illiiess  on  both  challenges  were  studied  by  I'm   for 
sorologic  responses  to  the  Norv;alk  agent.  Four  of  the  5  developed 
seroresponses  after  initial  challenge  but  during  the  7-26  month  period 
after  initial  challenge  all  4  lost  most,  if  not  all,  of  their  Norwalk 
antibody.  However,  following  2nd  challenge  a  pronounced  antibO(^  response 
was  detected  in  each  of  the  4  volunteers.  The  5th  ill  volunteer  maintained 
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persistently  high  antibody  ratings  before  and  after  each  challenge.  On   3rd 
challenge  antibody  ratings  were  high  before  and  after  challenge  in  all  4 
si±ijects  studied  including  the  volunteer  v*K>  developed  illness  the  3rd 
time.  It  seems  that  senm  antibody  was  not  eissociated  with  resistance  to 
Norwalk  illness  since  3  subjects  vho  did  not  develcp  illness  after  eadi  of 
the  2  challenges  had  little,  if  any,  antibody  by  lEM  prior  to  and  after 
each  of  the  challenges. 

Although  it  would  be  simple  to  explain  these  results  on  the  grounds  that 
local  cintibody  rather  than  serum  antibody  is  the  prime  determinant  of 
protection  against  Norwalk  challenge,  this  may  not  be  the  v*iole  story.  It 
is  difficult  to  conceive  of  the  existence  of  2  cohorts  of  individuals,  one 
able  to  prodiice  local  antibody  after  exposure  to  the  Norwalk  agent  and  the 
other  incapable  of  synthesizing  sufficient  local  antibody  for  Icng-term 
protection.  One  explanation  for  these  unusual  findings  mi^t  be  a  genetic 
determinant  of  susceptibility  to  Norwalk  agent  infection,  that  is,  one 
group  of  volunteers  may  lack  a  genetically  determined  specific  receptor 
essential  for  entry  of  the  Norwalk  agent  into  the  epithelial  cells  of  the 
small  intestine.  Ihus,  such  subjects  could  not  be  infected  by  the  Norwadk 
agent,  v*iereas  a  susceptible  grotp  would  undergo  such  infection.  In 
previous  studies  we  had  documented  the  existence  of  short  term  resistance 
(9-14  weeks)  follcwing  Norwalk  illness.  The  lack  of  subsequent  long  term 
protection  by  local  inmunologic  mechanisms  suggests  that  local  IgA  mediated 
immunity  to  the  Norwalk  agent  is  short-lived.  Ihis  study  reiises  questions 
concerning  the  feasibility  of  irtinunizing  against  viral  gastroenteritis  in 
general  but  more  specifically  those  illnesses  caused  by  the  Norwalk  agent 
groiip  of  viruses.  It  also  indicates  the  existence  of  2  forms  of  inntunity  to 
Norwalk  gastroenteritis,  one  v\rtiich  is  of  short  duration  and  immunologically 
mediated  (described  in  our  earlier  studies)  and  the  other,  not  previously 
documented,  of  long  duration  and  presumably  not  inntunologically  mediated. 

N.  Develocment  of  an  immune  adherence  heniagglutination  assay  (lAHA) 
for  detection  of  infection  with  the  Norwalk  agent 

Investigation  of  the  Norwalk  grot?)  of  agents  hZB  been  difficult  because 
these  agents  cannot  be  grown  in  culture,  and  are  found  in  rather  small 
amounts  in  human  stool.  Purification  and  serologic  studies  of  the  Norwalk 
grovp  of  agents  have  been  hampered  because  of  the  necessity  of  using  the 
time  consuming  technique  of  iitmune  electron  microscopy  to  monitor  antigen 
and/or  antibody.  Methods  were  developed  for  concentrating  and  purifying  the 
Norwalk  particle  from  the  stools  of  human  volunteers  experimentally 
infected  with  the  agent.  Ihese  procedures  involved  differential 
centrifugation,  density  banding  and  rate  sedimentation.  Using  these 
procedures  the  virus  was  purified  sufficiently  to  use  as  a  test  antigen  in 
the  irtmune  adherence  hemagglutinination  (lAHA)  serologic  assay.  The  lAHA 
test  appeared  to  be  specific  for  antibody  to  the  Norwalk  agent. 

TAIIA  has  also  proved  to  be  a  sensitive  test  for  antibody  and  has  enabled  us 
to  detect  serolociic  resfxDnses  to  the  Norwalk  agent  rapidly  and  efficiently. 
l''or  thfc!  most  part  serologic  responses  detected  previously  by  lEM  have  been 
confirmed  by  lAIIA.  In  a  few  instances,  lEM  has  been  nore  efficient  than 
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lAHA.  We  have  been  able  to  carry  out  an  extensive  serologic  survey  of  the 
prevalence  of  antibody  to  the  Norvalk  agent  by  lAHA  assay.  Study  of 
individuals  in  the  metropolitan  Washington  area  revealed  a  gradual 
acquisition  of  senin  antibody;  by  5  year's  of  age  about  5%  of  the  children 
had  acquired  antibody,  while  afproxirnately  l/3rd  of  young  adults  were 
seropositive  for  the  Norwalk  agent.  We  have  also  used  the  lAHA  technique 
to  test  paired  sera  from  pediatric  patients  with  non-HRVL  gastroenteritis 
admitted  to  Children's  Hospital  but  did  not  detect  any  serologic  responses. 

0.  Developtient  of  a  solid-phase  radioirretiunoassay  for  detection  of  infection 
with  the  Noi>ralk.  agent 

Using  procedures  for  purification  and  concentration  of  the  Norwalk  agent 
similar  to  those  used  for  the  lAHA  test,  we  have  also  had  success  in 
develcping  a  radioiitmunoassay  for  detection  of  Norwalk  virus  and  a 
radioimttunoassay  blocking  test  for  measurement  of  antibody  to  this  virus. 
The  radioiitmunoassays  employ  convalescent  high  titered  iitmune  sera  from 
infected  chiitpanzees  and  volunteers  infected  with  Norwalk  virus. 
Radioimmunoassay  is  capable  of  detecting  partially  purified  particles  in 
fractions  derived  fron  ultracentrifugal  separation  procedures.  Whether  it 
can  detect  virus  or  viral  antigens  in  stool  efficiently  renains  to  be  seen. 
Nonetheless,  the  radioimmunoassay  has  greatly  aided  attenpts  at 
purification  of  the  Norwalk  agent. 

The  radioimmunoassay  blocking  test  for  antibody  to  Norwalk  particle  appears 
to  be  quite  sensitive  and  specific.  It  detected  rises  in  titer  of  serum 
antibody  in  all  individuals  and  chiitpanzees  eaqjerimentally  infected  with 
the  Norwalk  agent.  There  was  catplete  concordance  between  the  results  of 
the  RIA  blocking  test  for  Norwalk  antibody  and  the  tests  for  antibody 
previously  performsd  by  lEM.  The  RIA  blocking  test  for  antiboc^  eppears  to 
be  sonewhat  more  sensitive  than  the  lAHA.  We  have  used  this  test  to 
investigate  several  unexplained  outbreaks  of  gastroenteritis  and  none  were 
apparently  caused  by  the  Norwalk  agent.  The  test  is  also  being  used  to 
screen  animals  for  evidence  of  natural  exposure  to  Norwalk  or  related 
viruses . 

P.  Developiiient  of  a  solid-phase  radioiitmunoassay  for  detection  of 
the  heat  labile  enterotoxin  (LT)  of  E.  colT 

Recent  studies  have  shown  that  toxigenic  strains  of  E^^  coli  are  a  major 
cause  of  acute  diarrhea  in  nan.  Identification  of  these  organisms  has  been 
accotplished  by  use  of  various  bioassay  systems.  Sane  of  these  systems  are 
quite  sensitive  and  specific,  but  were  difficult  to  perform,  hard  to 
quantitate  and  subject  to  the  vagaries  of  working  with  tissue  culture.  We 
have  developed  a  sensitive  solid  phase  radioiimtunoassay  systan  to  measure 
E  .  coli  heat  labile  toxin  (LT) .  Ihis  assay  can  also  be  used  as  a 
sensitive  itveasure  test  for  cholera  toxin.  In,  fact,  the  sensitivity  of  the 
assay  for  cholera  toxin  is  .02  picograms  (10*  ) .  Ihe  assay  is  based  on 
the  high  degree  of  iinmunologic  cross  reactivity  between  E^  coli  and  ctolera 
toxin  and  takes  advantage  of  the  availability  of  potent  mcnospecific 
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antiserum  for  cholera  toxin.  In  simultaneous  testing  of  specimens  obtained 
fron  Peace  Corps  volunteers  in  Kenya,  diarrhea  patients  in  Bangladesh  and 
Children's  Hospital  patients,  the  RIA  was  at  least  as  sensitive  and 
specific  as  the  Y-1  adrenal  cell  cvilture  system  for  detection  of  DT 
producing  coliform  organisms.  Ihis  assay  should  aid  in  the  identification 
of  toxigenic  E^  coli  It  should  also  speed  atterpts  to  purify  heat  labile 
toxin  and  facilitate  investigation  of  toxin  production  in  other  bacteria. 

A  RIA  blocking  test  for  detection  of  antibody  to  E.  coli  toxin  was 
developed.  This  test  is  a  standard  blocking  test  similau:  to  the  one 
developed  for  hepatitis  A.  The  assay  appeeirs  to  be  san6**iat  more  sensitive 
than  the  Y-1  adrenal  cell  neutralization  eissay.  The  test  was  itore 
efficient  than  the  Y-1  adrenal  cell  neutralization  test  in  detecting 
serologic  responses  in  volunteers  experimentally  infected  with  toxigenic  E. 
coli.  Antibody  prevalence  studies  showed  a  rather  rapid  aoquisition  of 
antibody  to  E^  coli  LT  toxin  among  children  living  in  the  itetropolitan 
Washington  area. 

In  order  to  evaluate  the  local  immune  response  to  E.  ooli  toxin  we  have 
developed  a  direct  type  RIA  for  anti-E.  ooli  LT.  In  preliminary 
experiments  this  form  of  assay  appears  sensitive  and  specific.  It  also 
nnables  one  to  study  specific  antibody  class  responses  to  Ej_  coli  toxin 
(i.e,  igA,  igG,  IgM) .  In  preliminary  studies  in  volunteers  it  appears 
that  a  local  immune  response  is  mounted  by  sane  individuals,  but  local  IgA 
anti  E^  coli  toxin  antibody  does  not  appecu:  to  correlate  with  resistance  to 
enterotoxigenic  E^  coli  diarrhea. 

Q.  Toxigenic  bacterial  diarrhea;  Nursery  outbreak  involving  multiple 
bacterial  strains 

We  collaborated  with  Dr.  Guerreuit  and  colleagues  of  the  University  of 
Virginia  (at  his  invitation)  in  a  study  of  an  outbreak  of  diarrhea   in  a 
nursery  by  examining  rectal  swab  specimens  for  the  presence  of  viruses  by 
lEM  cell  culture  and  suckling  mouse  inoculation  methods.  An  outbreak  of 
watery  diarrhea  occurred  in  14  of  15  infants  in  a  speciad  care  unit  over  a 
four-day  period.  With  the  Chinese  hamster  ovary  (CHO)  cell  sissay  for 
enterotoxin,  it  vras  found  that  11  of  these  patients  had  toxigenic  bacteria 
in  their  stools.  T^ese  bacteria  ccrtprised  nine  different  serotypes  of 
three  species  of  organisms:  E^  coli,  Klebsiella,  and  Citrobacter.  None  of 
the  three  serotypes  of  E.  coli  were  classic  enteropathogenic  serotypes. 
Rectal  swab  specimens  fron  all  15  infants  were  examined  for  the  presence  of 
viruses  by  method  mentioned  above.  None  had  petrvovirus-or  reovirus-like 
agents  but  two  had  adenoviruses.  No  other  vircd  agents  were  detected.  Of 
38  bacterial  strains  isolated  frati  ten  control  infants  without  diarrhea, 
three  Klebsiella  strains  fron  two  individuals  were  found  to  be  toxigenic. 
Analysis  of  a  total  of  136  enteric  isolates  shewed  that  toxigenicity  as 
measured  by  th?  CHO  assay  was  strongly  associated  with  strains  isolated 
during  acute  diarrheal  illness  when  ccnpared  with  strains  isolated  in 
convalescence  or  with  strains  fron  control  infants  without  diarrhea.  This 
stucty  raises  the  possibility  of  an  outbreak  of  disease  caused  by  a 
transmissible  plasmid  responsible  for  cholera-like  enterotoxin  prodix:tion 
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in  several  enteric  bacterial  strains. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

Acute  infectious  nonbacterial  gastroenteritis  is  a  oomDn  infectious 
disease  v*iich  affects  a  broad  segment  of  the  population  and  was  the  second 
most  caTTnon  disease  observed  in  a  10  year  family  study.  Ultimate  goals  of 
prevention  and  therapy  have  been  furthered  by  (1)  the  detection  and 
preliminary  characterization  of  etiologic  agents  of  this  disease,  (2)  the 
developnerit  of  sensitive,  efficient  and  rapid  cissay  systems  by  vAiich  the 
epidemiologic  iitportance  of  the  disease  can  be  determined,  (3)  the  in  vitro 
cultivation  of  the  HRVL  agent,  (4)  the  ability  to  induce  illness  in  hutan 
volunteers  and  experimental  animals  administered  the  HFS/L  agent  and  (5)  the 
ability  to  differentiate  the  HRVL  agent  from  other  related  agents  by 
biophysical  methods.  Ihe  progress  in  studying  the  role  of  the  reovirus- 
like  agent  in  the  etiology  of  gastroenteritis  in  infants  and  young  children 
represents  a  significant  step  in  understanding  this  disease  of  worldwide 
irrportance.  In  addition,  the  development  of  sensitive  assay  systems  for 
the  heat  labile  toxin  of  E^  coli  should  aid  in  elucidating  the  role  of 
these  agents  during  epidemiologic  studies. 

Proposed  Course  of  Project 

Future  studies  will  be  directed  toward  the  efficient  prcpagation  of  the 
viral  gastroenteritis  agents  in  vitro.  Major  enphasis  will  be  given  to  a 
dilineation  of  their  overall  iitportance  over  a  sustained  period  in  the 
etiology  of  gastroenteritis  in  various  populations, the  iitinune  mechanisms 
involved  in  host  defense,  the  development  of  effective  methods  to  prevent 
or  treat  illness  due  to  these  agents  and  the  continiaed  search  for  other 
etiologic  agents  of  acute  geistroenteritis. 
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Reqult-S 
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serious  BS  virus  disease  of  the  lower  respiratory  tract  subsequently 
developed  asthma  more  frequently  than  their  normal  cohort.  During  the 
past  year  individuals  who  were  hospitalize  for  RS  virvis  bronchiolitis 
during  infancy  at  the  Children's  Hospital  National  Medical  Center, 
Washington,  D.C.  were  followed  up  cind  studied  for  subsequent  develc^ment 
of  asthma.  Their  experience  was  catpeired  to  that  of  persons  auinitted  to 
the  hospital  for  non-RS  virus  bronchiolitis  or  a  non- infectious  condition. 
One-hundred  and  six  individuals  originally  admitted  to  the  hospital  for 
RS  bronchiolitis  during  infancy  were  followed  up,   as  were  64  persons 
previously  admitted  for  non-RS  virus  bronchiolitis  and  50  control  individuals 
originally  seen  in  the  hospital  for  a  surgical  or  non-infectious  condition. 
Follow-up  varied  from  1  year  to  greater  than  3  years.  Asthma,  as  defined 
as  3  or  more  episodes  of  respiratory  distress  and  v*>eezing  observed  by  a 
physician  and  requiring  epinephrine  or  oral  bronchodilator  therapy, 
developed  2-3  times  more  frequently  in  persons  vrtio  were  admitted  to  the 
hospital  for  bronchiolitis  previously  than  in  the  control  grov:p.  Asthma 
developed  more  frequently  in  former  bronchiolitis  patients,  vAiether 
their  disease  was  caused  by  RS  virus  or  not.  Thus,  individuals  v*k) 
develop  bronchiolitis  caused  by  RS  virus  or  other  viruses  differ  from 
their  cohort  during  later  life.  It  is  not  clear  v^iether  individuals 
develop  bronchiolitis  and  asthma  because  of  an  unusually  labile,  responsive 
lower  respiratory  tract  (i.e.  a  coitmon  pathway  mechanism)  or  damage  to 
the  Icwer  tract  by  prior  viral  infection  produces  a  change  in  responsiveness 
of  the  small  air  passage  receptors.  It  is  clecu:,  howefver,  that  RS  virus 
bronchiolitis  is  not  mediated  through  a  direct  IgE  reaction  since  the 
serum  IgE  level  is  normal  during  the  acute  phase  of  severe  RS  virus 
bronchiolitis. 
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Project  Descripticai 

A-  Respiratory  Syncytial  Virus 

This  year  the  respiratory  syncytial  virus  program  gav©  special  enphaais  to 
4  main  areeis  of  research:  1)  characterization  of  the  in  vitro  properties 
of  the  to-2  mutant  (the  sole  representative  of  ocnplementation  group  B)  ; 
2)  developtient  of  animal  models  of  RS  virus  infection  in  which  to  sti«^ 
viral  growth  and  pathogenesis  of  disease;  3)  evaluation  in  experimental 
animals  of  ts  mutants  that  appeared  to  be  promising  vaccine  candidates;  4) 
evaluation  of  the  ts-2  mutant  in  adult  volunteers. 

1)  F'urther  in  vitro  characterization  of  the  properties  of  the  ts-2  mutant  - 

Previous  studies  of  ts-2  had  shown  that  it  waa  a)  defective  in  plaque 
formation  at  or  above  37°C,  b)  the  sole  representative  of  oorplenentation 
group  B,  and  c)  a  plaque  morphology  mutant  that  did  not  fuse  cells  to 
form  syncytia  during  plaque  formation  even  at  permissive  tenperature. 
This  year  we  have  further  characterized  ts-2  in  vitro  and  ocitpared  it  to 
maribers  of  the  other  carplementation  groi:5>s. 

In  teitperature  shift  up  experiments,  the  ts  defect  of  ts-1  and  other 

members  of  carplementation  groi$)  A  was  found  to  affect  a  late  function 

that  was  required  for  at  least  13  hours  in  the  replicative  cycle.  "Hie  ts 

lesion  of  ts-7  (a  groip  C  mutant)  affected  a  function  early  in  the  replication 

cycle.  In  contrast,  ts-2  was  not  temperature  sensitive  when  studied  by 

the  shift  up  technique.  The  discrepancy  between  the  ts  plaque  property 

and  failure  to  detect  tenperature  sensitivity  during  tKe  shift  \xp  experment 

was  resolved  vihen   it  waa  shown  that  ts-2  had  a  defect  in  adsorption  and/or 

penetration  at  restrictive  tenperature;  this  defect  weis  overcome  by 

incubating  infected  cultures  at  permissive  tenperatiore  prior  to  shift  up 

to  restrictive  tenperature. 

Adsorption  of  ts-2  to  HE^-2  cells  was  20  to  100  fold  less  efficient  at  39° 
than  at  32°C,  whether  subsequent  incubation  of  infected  cells  was  allowed 
to  proceed  at  32°C  or  39°C  as  determined  by  viral  growth  yield  or  number 
of  cells  infected.  This  decrease  in  efficiency  of  adsorption-penetraticai 
at  39°C  cannot  be  ascribed  to  heat  lability  of  the  ts-2  mutant  since  this 
virus  was  shown  to  be  as  stable  as  wild  type  virus  at  this  tenperature. 
Once  ts-2  was  permitted  to  adsorb  to  HE^2  cells  at  32°C,  transfer  to  39°C 
for  subsequent  incubation  did  not  reduce  virus  yield  or  antigai  production 
significantly . 

During  the  course  of  a  study  of  genetic  stability  of  ts-2  it  was  noted 
that  some  infected  cultures  produced  revertant  virus  tHat  regained  the 
ability  to  form  plaques  at  38°C  and  these  cultures  also  exhibited  syncytial 
cytopa the logy.  To  examine  the  relationship  between  these  two  events,  i.e. 
restoration  of  syncytium  formation  and  the  ability  to  form  plaques  at 
restrictive  tenperature,  we  examined  clones  selected  from  cultures  serially 
passaged  at  subrestrictive  tenperature,  a  condition  that  favors  the 
emergence  of  genetically  altered  virus.  Fifty-seven  clones  derived  from 
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10  separate  cultures,  were  selected  ty  picking  individual  plaques  at  32''C. 
These  clonal  populations  were  evaluated  for  ts  and  syncytial  properties. 
Clones  that  did  not  produce  syncytia  also  plagued  with  greatly  reduced 
efficiency  at  38°C  or  not  at  all.  Nineteen  clones,  derived  from  6  different 
second  passage  cultvires  inci±)ated  at  sxobrestrictive  tertperature,  produced 
wild  type  syncytial  plaques  and  exhibited  the  same  efficiency  of  plaque 
formation  at  38°C  as  the  wild  type  virus.  In  addition,  4  clones  that 
formed  syncytia  smaller  than  those  of  wild  type  virus  were  intermediate  in 
their  efficiency  of  plaque  forroation  at  38°C.  Thus,   v^ien  reversion  occurred 
there  was  coordinate  restoration  of  the  ts  and  syncytial  properties. 
This  suggests  that  a  single  lesion  was  responsible  for  both  the  aberrant 
plaque  morphology  and  the  ts  property  of  the  ts-2  nutant. 

It  is  likely  that  the  ts  defect  of  ts-2  affects  the  protein  responsible 
for  cell  fusion  and  presumably  also~7or  penetration.  If  this  is  the  ceise 
a  single  defect  could  be  invoked  to  explain  the  ixai-syncytial  plaque 
property  at  permissive  tenperature  and  the  fcdlure  of  adsorption-penetration 
at  restrictive  tenperature.  Such  a  unitary  hypothesis  necessarily  inplies 
that  the  ts-2  defect  is  expressed  at  permissive  tenperature  (i.e.,  non- 
syncytial  plaques)  and  becomes  progressively  more  restrictive  with  increase 
in  tenperature.  It  is  also  possible  that  the  ts-2  virion  fusion  protein, 
although  defective  at  permissive  tenperature.  Is  still  sufficiently  active 
to  permit  penetration  to  occur,  vrtiereas  the  activity  of  the  affected 
protein  is  not  sufficient  at  the  membrane  of  the  infected  cell  to  allow 
cell  recruitment  to  occur  ty  fusion  of  membranes. 

2)     i^ixperljiientai  Infection  of  Animals  with  RS  Vlrufl  -  Until  now  a  suitable 
experimental  animal  model  system  for  the  study  of  RS  virus  disease  has  not 
been  available.  Several  non-primates,  such  eis  guinea  pigs,  ferrets,  and 
hamsters  can  be  infected,  but  clinical  or  pathological  evidence  of  disease 
does  not  develop.  In  an  effort  to  obtain  a  satisfactory  model  to  stxidy 
the  pathogenesis  of  RS  virus  disease,  ws  surveyed  a  series  of  prinates  for 
the  presence  of  neutralizing  antibody  to  RS  virus  by  the  plaque  reduction 
technique. 

Primate  species  included  old  world  monkeys  (cyncmolgus,  rhesus,  patas,  and 
African  green  monkeys,  and  baboons),  new  world  monkeys  (squirrel,  owl,  and 
cebus  monkeys)  and  the  great  apes  (gibbons  and  chinpanzees) .  Only  1  of 
the  old  world  species,  the  rhesus  had  marters  with  antibody  (16%) ,  v*ule  2 
of  the  new  world  species  surveyed,  the  squirrel  monkey  (33%)  and  the  oebus 
motikcy  (25%) ,  liad  animals  witli  detectable  amtibody.  Both  great  ape  species 
tested,  the  gibbon  and  the  chimpanzee,  were  positive  for  RS  virus  antibody 
and  had  the  greatest  number  of  animals  positive  (38%  and  64%  respectively) . 
In  addition,  the  cninpanzees  had  the  highest  titer  of  antibody. 

Based  on  these  findings,  4  of  these  species  that  were  available  to  us,  the 
rhesus  monkey,  cebus  monkey,  squirrel  mcaikev  and  chinpanzee,  were  tested 
for  Uicir  response  to  RS  virus.  10  '  to  10  '  pfu  of  wild  type  virus  was 
inoculate xi  LnLainasally,  and  tJiroat  and  nasal  swab  specimens  were  taken  at 
fro<iuiiiiL  inLoJvals.  Nowbom  rhesus  and  adult  squirrel  monkeys  became 
infected  and  shed  small  quantities  of  virus  (peak  titer  10  '  pfu/W.  of 
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nasaopharyngeal  swab  specimen) ,  but  illness  did  not  develop-.  Infant  cebus 
monkeys,  aged  2  months,  became  infected,  shed  10  '  to  10  '  pfn/ml  of 
nasopharyngeal  swab  specimen,  but  did  not  becctne  ill.  All  animals  except 
the  rhesus  developed  serum  antibody  to  RS  virus  by  the  4th  week  following 
infection. 

In  contrast,  vAien  3  seronegative  chiirpanzees  were  inoculated  with  a  similar 
dose  of  RS  virus  (10  '  pfu) ,  large  quantitiesQof  virus  were  recovered. 
The  peak  quantities  recovered  ranged  from  10  *   '  pfu/inl  on  days  4-6  from 
the  inoculated  chiirpanzees;  an  uninoculated  cagemate  that  acquired  infection 
shed  lb  ■  pfu/ml  on  day  9.  The  3  inoculated  chimpanzees  each  began 
shedding  on  day  2,  while  the  uninoculated  cagemate  began  shedding  on  day 
6.  Duration  of  viral  shedding  ranged  from  10  to  greater  than  19  days. 
Each  chiirpanzee  developed  a  high  level  of  servsn  antibody  to  PS  virus 
following  iixfection. 

Of  the  4  species  of  primates  we  tested,  only  the  chinpanzee  developed 
illness  at  the  time  of  infection.  On  the  4th  day  post-irKX:ulation,  each 
of  the  inoculated  chiirpanzees  developed  an  afebrile  upper  respiratory 
illness  similar  to  a  "ccntnon  cold".  Illness  was  characterized  by  profvise 
rhinorrhea,  mild  cough,  and  sneezing.  Ihe  duration  of  illness  ranged  frcm 
5-10  days.  Based  on  these  findings  the  chinpanzee  speared  to  be  a 
sioi table  animal  to  evaluate  the  level  of  attenuation  of  various  ts  mutants 
of  RS  virus  being  considered  for  use  in  a  live  virus  vaccine. 

Both  the  scarcity  and  the  high  price  of  the  chinpanzee  preclude  its  use  in 
more  detailed  pathogenetic  studies  of  RS  virus  disease,  and  we  therefore 
sought  a  more  readily  available  laboratory  animal  for  further  stxx^  of  RS 
virus  disease  iii  vivo.  Cebus  monkeys  are  partially  permissive  for  growth 
of  RS  virus,  and  it  was  possible  that  a  larger  dose  of  virus  than  that 
used  in  the  initial  study  might  overccme  host  resistance  and  cause  respiratory 
disease.  Therefore,  we  inoculated  0.5  ml  of  RS  virus  grown  in  Hela  spinner 
cultures  (an  inoculum  containing  10  pfu  of  virus)  transtracheally  into  14 
juvenile  cebus  monkeys  that  lacked  detectable  serum  antibody  for  RS  virus. 
Four  control  animals  were  inoculated  with  uninfected  HeTa  cell  suspensicai. 

Roentogenographic  evidence  of  pneumonia  was  evident  as  esurly  as  day  1  in  1 
of  2  infected  animals.  By  the  4th  day  after  inoculation  all  ten  xnMikeys 
X-rayed  had  evidence  of  pneumonia  as  did  the  majority  of  animals  on  the 
6th  and  8th  days.  In  contrast,  animals  inoculated  with  the  control  Hela 
cell  suspension  did  not  develop  any  abnormalities  discemable  by  X-ray. 

Gross  pathologic  changes  in  the  lungs  were  evident  as  early  as  24  hours 
after  inoculation.  Each  of  the  13  infected  monkeys  sacraficed  between  day 
1  to  day  8  exhibited  evidence  of  gross  pulmonary  pathology.  In  contrast 
none  of  the  3  control  animals  developed  gross  pulmonary  changes.  By  day  2 
post- inoculation  infected  animals  had  areas  of  red  consolidation  throu^iout 
both  lower  lobes.  In  general,  the  abnormalities  were  more  prominent  in 
the  right  lower  lobe  and  more  patchy  in  the  left  Icwer  lobe.  By  day  6 
post-inoculation  there  was  extensive  consolidaticai  in  both  lower  lodges  as 
well  as  the  intermediate  and  cardiac  lobes.  By  day  8  there  was  grey 
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consolidation  in  the  entire  right  lower  lobe,  cardiac  intermediate  and 
part  of  the  right  apical  lobe. 

Histologic  examination  indicated  that  each  virus  infected  aninal  had 
interstitial  pnetmonia,  while  the  control  animals  did  not  esdiibit  any 
pathologic  changes.  Changes  appeared  as  early  as  day  1  and  consisted  of 
thickening  of  the  aveolar  wall.  There  was  a  large  inflanmatory  respcaise 
inside  the  alveoli  consisting  of  polymorphonucleau:  leucocytes  cind  mononuclear 
cells.  By  day  4  there  were  extensive  interstitial  infiltrates  with  many 
mononuclear  cells  emd  polys  seen  in  the  alveoli.  Syncytium  fonnaticai  was 
seen  in  many  alveoli  and  this  type  of  pathologic  change  became  proninent 
by  day  6  v*ien  the  presence  of  eosinophilic  inclusion  bodies  was  also 
noted.  On  the  6th  day  there  was  extensive  interstitial  pneutcnia,  large 
giant  cells,  small  axeaa  of  consolidation  and  monDnuclear  cell  infiltraions. 
These  changes  are  reminiscent  of  the  pathologic  picture  described  by  Mams 
for  fatal  inclusion  pneumonia  of  the  neMtom.     On  the  8th  day  there  were 
still  extensive  arecis  of  interstitial  thickening,  consolidation  emd  alveoli 
filled  with  fluid.  Infiltrates  contained  macrophages  and  a  t&i  polys.  A 
few  small  giant  cells  were  still  present  on  the  8th  day. 

Study  of  lung  tissue  by  imtiunof luorescence  revealed  antigen  in  the  alveolar 
cells  throughout  the  lung  parynchana.  RS  antigen  was  also  seen  in  the 
epithelial  cells  of  the  bronchioles  and  in  discrete  cells  of  the  tracheal 
epithelium.  We  attempted  to  establish  if  the  few  positive  tracheal 
epithelial  cells  were  goblet  cells.  A  PAS  stain  of  the  trachea  was  done 
to  reveal  the  location  of  gc±)let  cells;  these  cells  were  distributed  in  a 
pattern  siinilar  to  that  of  the  antigen  positive  cells. 

Homogenates  of  lung,  nasal  turbinate  and  trachea  v^ere  made  at  the  time  of 
sacrifice  and  quantitated  for  the  presence  of  infectious  virus.  gVirus 
ffTowth  in  the  lungs  peaJcad  on  days  4-6  with  levels  aa  high  as  10  pfiVgm 
of  tissue.  By  day  8,  a  smaller  amount  of  virus  was  recovered.  Infectious 
virus  was  detected  ingthe  nasal  turbinates  of  only  3  of  13  animals  sacrificed 
(range  of  10    ~10   pfu/gm  of  tissue)  and  these  animals  were  harvested 
late  in  infection  (days  6  &  8) .  In  contrast,  virus  was  found  in  the  traghga 
of  9  Qf 2I3  animals  and  the  geanetric  mean  titer  of  virus  ranged  fron  10 
to  10  ■  pfu/gm  over  the  8  day  period  of  study. 

lO^'^pfu  appeared  to  be  the  pneumonia  dose,QQ  since  10  *  infegted  only 
one  of  two  cebus;  this  animal  developed  a  gross  pneumonia.  10  pfu  infected 
1  of  2  cebus,  but  pneumonia  did  not  develop.  It  is  realized  that  10  pfu 
represents  an  abnormally  large  inoculum.  However,  identification  of  the 
cebus  monkey  as  an  animal  that  responds  to  extensive  infection  by  developing 
definite  puimonary  lesions  means  that  an  experimental  primate  system  is 
now  availciljle  v^ich  can  be  manipulated  to  oonvert  an  inapparent  infection 
(:;iici\  .ir.  t  h.ii-  inthirffl  ]^   10  pfn)  into  a  fulminant  infection  with  development 
i)t  fxttinsivt*  puiniJiiai-y  iJ^iLhiilcKjy.  In  this  way  the  inportant  determinants 
of  pathogenesis  may  be  amenable  to  experimBntal  study. 

3)  Evaluation  of  ts  Mutants  of  RS  as  Vaccine  Candidates  in  Experimental 
Animals  -  Using  the  infant  fejnret  model  developed  by  Prunce  and  Porter  we 
evaluated  the  growth  and  genetic  stability  of  ts-1,  ts-2  and  the  2  N3 
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subclones  of  ts-1.  The  NG  aubclones  of  the  tB-1  mutant  possess  on©  or 
more  additional  ts  lesions  induced  by  exposing  ts-1  to  the  chemical  mutagen, 
nitrosoguanidine  (MS) ;  their  derivation  was  described  in  last  years  annual 
report,  ts-2  and  both  MG  subclones  were  100- fold  more  restricted  in 
growth  in  the  lungs  of  infant  ferrets  than  was  the  ts-1  mutant. 

The  growth  of  3  of  these  viruses  in  the  nasal  turbinates  of  infant  ferrets 
followed  a  pattern  similar  to  that  seen  in  the  ferret  lungs,  ts-1,  ts2 
and  ts-1  NG-16  were  each  restricted  in  growth  in  the  nasal  turEinates. 
There  was  also  a  corresponding  delay  of  4  to  8  days  in  the  time  required 
to  attain  the  peak  quantity  of  virus  ccitpared  to  wild  type.  Une^qaectedly 
ts-1  NGl  grew  to  high  titer  in  the  turbinates  af to:  a  considerable  delay 
during  which  virus  replication  was  not  detectable. 

We  examined  the  ts  phenotype  of  vixus  recovered  f ran  animals  infected  with 
ts-1  NG-1  and  found  that  some  isolates  were  genetically  altered  ocitpared 
to  the  input  ts-1  NG-l.  This  genetically  altered  virus  retained  a  degree 
of  tenperature  sensitivity  and  was  intermediate  between  ts-1  NG-1  and  wild 
type  in  plaque  forming  ability  at  restrictive  teinperatures.  Isolates 
obtained  late  in  infection  contained  virus  phenotypically  closer  to  wild 
type  than  isolates  obtained  early,  but  in  no  case  was  the  virus  recovered 
identical  to  wild  type  in  ability  to  form  plaques  at  39°C.  Saiie  of  the 
ts-1  and  ts-1  NG-16  isolates  also  contained  genetically  altered  virus. 
None  of  the  ts-2  isolates  were  genetically  altered  as  indicated  by  retention 
of  the  ts  phenotype  and  non-syncytial  plaque  morphology. 

Since  our  objective  was  to  identify  mutants  of  RS  virus  that  did  not 
induce  appreciable  disease  manifestations  in  the  \pper  respiratory  tract 
of  iimiunologically  inexperienced  children,  we  evaluated  the  ts-1  mutant 
and  the  3  new  vaccine  candidates  in  the  chiirpanzee,  the  only  easier imental 
animal  that  develops  syitptoms  of  upper  respiratory  tract  illness  during  RS 
virus  infection.  In  addition,  we  evaluated  ts-7  in  a  chiirpanzee,  since 
this  virus  carries  a  different  genetic  lesion  belonging  to  ccmtplenentation 
group  C.and  its  behavior  iii  vivo  had  not  been  defined  previously.  In  each 
case  10  '  pfu  of  vinis  was  administered  intranascilly  to  seronegative 
chimpanzees. 

When  ts-1  was  inoculated  into  2  chiirpanzees,  the  pattern  of  viral  growth 
was  similar  to  that  seen  during  wild  type  RS  infection.  The  peak  quantity 
of  virus  was  shed  on  day  4  post- inoculation,  and  in  one  animal  the  quantity 
equaled  that  seen  in  animals  infected  with  wild  type  virus.  This  chirtpanzee 
also  developed  an  upper  respiratory  illness  similar  in  severity  to  that 
seen  in  chimpanzees  infected  with  wild  type  virus.  Intermittent  virus 
shedding  continued  until  days  29  and  36  post- inoculation. 

Both  bf  the  two  further  defective  subclones  of  ts-1,  NG-1  and  NG-16, 
appeared  more  attenuated  than  the  ts-1  mutant.  The  ts-1  N3-1  mutant 
infected  both  inociiLated  chimpanzees,  but  the  anirtals  shed  a  smaller 
quantity  of  virus  than  those  infected  with  wild  type  or  ts-1.  In  addition, 
rhinorrhea  developed  in  only  one  animal,  was  delayed  in  onset  and  was  of 
brief  duration  conpared  to  the  more  extended  rhinorrhea  seen  during 

379 


ZOl  AI  00024-17  LID 

infection  with  wild  type  virus.  One  chimpcinzee  continued  to  shed  a 
relatively  large  qioantity  of  virus  in  nasopharyngeal  secretions  through 
day  22  post- inoculation;  a  small  amount  of  virus  was  shed  intermittently 
through  day  44  post- inoculation. 

The  NG-16  subclone  was  itore  attenuated  than  the  ts-1  NS-1  virus  as  indicated 
by  a  lower  level  of  viral  replication.  HCwever,  the  NG-16  virxis  induced  a 
brief  episode  of  rhinorrhea  in  one  of  the  2  inoculated  chinpanzees;  this 
response  was  considerably  abbreviated  ocirpared  to  rhinorrhea  produced  by 
wild  type  virus.  One  of  the  chinpanzees  shed  virus  intermittently  in 
small  amounts  through  the  57th  day  post- inoculation. 

ts-7  infected  the  one  animal  tested,  and  the  shedding  pattern  was  similar 
to  that  seen  in  chinpanzees  infected  with  wild  type  virus.  Infection  with 
ts-7  induced  an  upper  respiratory  illness  similcur  to  that  induced  by  wild 
type  virus  or  the  ts-1  mutant. 

The  final  ts  mutant  tested,  ts«2,  failed  to  infect  2  chinpanzees  following 
intranasal  inoculation  of  10    pfu.  Virus  was  not  isolated,  a  serum 
antibody  response  was  not  detected  and  unlike  chinpanzees  given  the  other 
mutants,  animals  cuitiinistered  10  pfu  of  ts-2  were  not  resistant  when 
challenged  with  wild  type  virus.  We  then  inoculated  40-fold  more  virus, 
(10  '  pfu)  into  4  additional  seronegative  chinpanzees.  The  leurger 
inoculum  infected  3  of  4  chinpanzees,  but  infection  was  limited  in  extent. 
Virus  was  not  shed  until  the  5th  day  post- inoculation,  and  the  peak  titer 
was  low,  500-fold  less  than  seen  with  the  wild  type  virus.  Virus  was  shed 
for  a  short  period  (less  than  14  days)  althou^  we  sanpled  for  an  extended 
interval.  The  ts-2  chinpanzees  did  not  beocme  ill  but  infection  did 
stimulate  the  developnent  of  a  high  titer  of  of  serum  neutralizing  antibocfy. 
Next,  we  studied  the  effect  of  a  larger  dose  of  virus  by  administering 
10  '  pfu  to  a  chinpanzee.  This  inoculum  produced  an  infection  in  which 
virus  grew  to  a  high  titer,  similar  to  that  seen  in  wild  type  RS  infection. 
Thus,  the  extent  of  infection  produced  by  ts-2  in  the  chinpanzee  ajpeared 
to  be  related  to  the  quantity  of  virus  adnanlstered.  Significantly, 
extensive  infection  induced  by  the  large  dose  of  the  ts-2  mutant  was  not 
associated  with  illness  in  the  one  animal  tested. 

A  genetic  analysis  of  virus  recovered  from  the  chinpanzees  revealed  that 
none  of  the  vaccine  candidates  was  genetically  stable  m  vivo.  Virus  with 
intermediate  ability  to  produce  plaques  at  restrictive  terrperatures  was 
isolated  from  chinpanzees  that  received  either  NG  subclcxie  of  ts-1.  Only 
wild  type  virus  was  recovered  fron  one  ts-2  infected  chinp  and~the  other  2 
chinpanzees  infected  with  ta-2  shed  virus  with  intermediate  ability  to 
form  plaques  at  restrictive  tatperatures .  Both  wild  type  virus  and  virus 
intermadiate  in  plaquiny  ability  were  recovered  from  a  ts-1  infected 
chinpsuizee. 

4)  Evaluation  of  ts-2  in  Mult  Volunteers  -  The  chinpanzee  studies 
indicated  that  ts-2  was  the  most  attenuated  candidate  vaccine  strain  and 
for  this  reasonTt  was  subsequently  tested  in  adult  volunteers.  Fourteen- 
persons  selected  for  low  nasal  wash  neutralizing  antibody  were  given  10 
pfu  of  the  ts-2  mutant  intranasally.  None  of  the  volunteers  shed  virus, 
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but  2  became  infected  as  indicated  by  an  iirmunologic  responsQ.  Ihere  were 
no  illnesses  caused  by  the  virus. 

B.  Influenza  Virus 

1)  Isolation  and  characterization  of  torperature-sensitive  mutants  of  influenza 
A  virus  -  The  reasons  for  isolating  and  characterizing  new  ts  mutants  of 
influenza  A  virus  were  presented  in  last  year's  annual  report. 

A  mutagen  that  produces  deletions  such  as  ICR  191,  as  well  as  other 
mutagens  (nitrous  acid  and  ultraviolet  light) ,  have  been  used  in  an 
attarpt  to  produce  more  stable  ts  mutants.  Over  4000  clones  of  Udom/72 
virus  that  were  exposed  either  to  ICR  191  during  replication,  to  direct 
treatment  with  nitrous  acid,  or  to  ultraviolet  light  were  screened  for 
their  teitperature  sensitivity  of  plaque  formation  on  rhesus  monkey  kidney 
(RMK)and  canine  kidney  (MDCK)  cells.  In  addition,  the  frequency  of  spontaneous 
mutations  yielding  ts  virus  was  also  determined. _ .A  toted  of  94  clones 
were  ts.  Fifty-six  of  these  showed  more  than  10   decrease  in  the  efficiency 
of  plaque  formation  at  40°C  compared  with  that  at  34°C  on  both  BMK  and 
MDCK  cells,  but  the  other  38  clones  were  restricted  only  on  MDCK  cells. 
Three  had  a  shutoff  toiperature  of  37°C;  13,  38°C;  36,  SS^C;  and  42,  40°C 
on  MDCK  cells. 

Fifty-six  mutants  fell  into  10  ccnplesnentation  groups,  Udonv'72  grovps  1 

to  10,  when  they  were  tested  on  KVIK  cells.  About  90%  of  the  progeny  from 

crosses  involving  the  groips  1  through  10  were  wild  type  recoirbinants 

except  from  the  crosses  between  group  5,  7,  and  9.  About  90%  of  the 

progeny  from  crosses  involving  the  5X7,  5X9,  and  7X9  virus  pairs 

were  parental  ts  type,  suggesting  that  these  three  ocnplenentatic^  groups 

belong  to  one  recombination  groi^.  Therefore,  our  UdDnV'72  ts  mutants  can 

be  arranged  into  eight  recombination  groi;?®*  This  is  in  accord  with  the 

number  of  PNA  segments  in  the  virion.  Ccnplementation  between  grov^  5,  7 

and  9  seems  to  be  the  result  of  intrasegrrental  or  intracistronic  ccnplementation. 

A  genetic  canparison  of  the  Udom/72  ts  mutants  with  the  WSN  and  HK  ts 

mutant  sets  and  also  a  biological  characterization  of  Udom/72  ts  mutants 

indicated  that  Udom/72  group  1  corresponds  to  P2;  2,  MP;  3,  P3;  4,  M  or 

NS;  5,  7  and  9,  M  or  NS;  6,  PI;  8,  HA;  and  10,  NA. 

Thirty-eight  mutants  of  the  Udom/72  ts  collection  were  host  dependent  ts 
mutants,  i.e. ,  they  were  ts^  on  MIXK  ceTls  but  acted  like  wild  type  on  RMK 
cells.  We  were  therefore  able  to  analyze  the  genes  concerned  with  host 
specificity  by  ccnplementation  analysis  on  MDCK  cells.  Host  range  mutations 
fell  into  five  conplementation  groups.  This  finding  suggests  that  mutation 
on  any  of  these  five  genes  can  lead  to  a  teitperature-dependent  restriction  of 

replication  in  certain  cells  but  not  in  others. 

Previously,  mutagenesis  with  5FU  yielded  a  high  frequency  of  ts  mutants. 
The  Udom/72  wild  type  virijs  was  therefore  exposed  to  high  concentrations 
of  this  mutagen  in  an  attenpt  to  isolate  more  defective  ts  viruses.  1150 
clonal  populations  were  isolated  and  16  were  ts.  IWo  had  a  37 °C  shutoff 
teitperature,  13  shutoff  at  38°C,  and  one  at  39°C.  Preliminary  genetic 
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lesions  of  the  ts-lA2  to  attenuate  menibers  of  another  hvnten  influenza  A 
subtype.  The  A^J/8/76  (H  swine  Nl)  was  therefore  used  as  a  recipient 
virus  for  the  1A2  lesions.  Over  800  clones  of  progeny  virus  were  screened 
for  the  tH  property  and  for  the  presence  of  the  A/NJ/8  surface  antigens. 
m/lf)-ts-XK2   roGcnblndjiL  viruses  inanifeBtad  a  spectrtm  of  tenperature 
sensitivity  ranging  fron  a  37°  to  SQ'C  shutoff  for  plaque  forroaticn. 
However,  the  efficiency  of  interaction  of  these  reccmbinants  with  representatives 
of  the  7  prototype  Hong  Kong  corplementation  gioips  was  so  low  that  genetic 
characterization  of  the  clones  was  not  possible  using  the  standard  plate 
oonplementation  test.  Vfe  are  presently  exploring  other  techniques  to 
deteqt  genetic  distinctness,  such  as  the  standard  reocribinatian  and 
ccrplementation  teste.  It  is  hoped  that  by  such  analysis  it  will  be  able 
to  determine  if  (1)  the  double  defect  in  cRNA  synthesis  of  these  mutants, 
(2)  interference  between  the  1A2  reccitibinants  and  other  viruses,  or  (3) 
gene  inooirpatibilities  between  our  H3N2  probes  and  the  VNJ/76-t3-lA2 
viruses  account  for  this  difficulty  in  genetic  characterization.  In  addition, 
genotype  analysis  by  polyacrylamide  gels  is  planned. 

3)  Production  of  ts-l[E]  reccnfcinant  viruses;  Transfer  of  the  ts-l[E]  genes 
to  the  VVic/3/75  and  A/NJ/8/76  wild  type  viruses  -  The  Hi;/68-ts-l  [E]  has 
served  as  a  donor  of  its  two  ts  lesions  to  the  A/l3dorn/72   (HBnST,  VGeorgia/74 
(H3N2) ,  and  A/Ann  Arbor/43  (HONl)  viruses.  Ihe  present  recombination 
between  the  HV68-ts-l[E]  and  the  Vic/75  (H3N2)  or  NJ/76  (H  swine  Nl) 
virus  was  done  to  prepare  reccmbinants  for  evaduation  in  volunteers.  The 
evaluation  in  volunteer  of  reccntoinants  possessing  the  two  ts-l[E]  lesions 
and  the  hanagglutinin  and  neuraminidase  of  the  wild  type  virus  recipient 
vould  permit  a  further  evaluation  of  the  role  of  neuraminidase  ijTmunity  in 
reactogenicitY  of  the  ts-l[E]  reccmbinants  and  also  the  predictability  of 
attenuation  of  wild  l^'pe  viruses  by  the  acquisition  of  the  two  ts-1  [E] 
lesions. 

All  three  subsets  of  ts-l[E]  recombinants — one  possessing  both  ts  lesicns, 

one  possessing  the  groi:^  1  lesion,  and  one  possessing  the  group  2  lesion — 

were  represented  in  the  Vic/75- ts-1 [E]  reoaitoinants.  Those  clones  possessing 

both  ts  lesions  had  a  38°C  shutoff  tenperature,  like  their  ts  parent. 

This  has  been  a  oonsistant  finding  with  H3N2  and  HCNl  reccmbinant  ts-1  [E] 

viruses.  Three  clones  possessed  only  the  group  1  ts  lesion  and  each  had  a 

39°C  shutoff  tetperature.  This  has  also  been  a  consistent  finding  in 

previous  studies.  "HTree  clones  had  the  group  2  ts  lesion,  two  were  39 °C 

mutants  v*ile  one  was  a  37**C  mutant.  Ihis  is  the  first  ts-l[E]  reoonbinatian 

in  which  we  have  had  multiple  single- lesioned  segregants  frcm  both  oonplementaticn 

group  1  and  group  2.  An  es^lanation  for  the  difference  in  shutoff  temperature 

of  those  clones  possessing  only  the  group  2  ts  lesion  is  not  immediately 

at  hand  but  the  phencraenon  is  being  e:q)lored. 

TwD  of  the  Vic/7 5- ts-1 [E]  reccmbinant  clones,  81  and  113,  that  had  both 
ts-l[E]  lesions  and  the  Vic/75  HA  and  NA  proteins  were  prepared  for  trials 
in  man  and  were  further  tested.  These  two  Vic/75-ts-l [E]  clones  and  their 
HK/68-ts-l[E]  parent  virus  were  similarly  restricted  in  replication  in  the 
lungs  oF  hamsters.  However,  in  collaborative  studies  with  Dr.  Steven 
Mostow,  University  of  Colorado  Medical  School,  it  was  found  that  clone  81 
was  clearly  different  in  replication  at  37''C  in  ferret  tracheal  organ 
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analysis  revealed  that  11  contained  a  single  ts  lesion,  and  2  had  2  or 
more  lesions.  Importantly,  three  Udom/72  5FU  ts  viruses  failed  to  ccnplement 
any  of  our  standard  7  ts  H3N2  probes  suggesting~that  one  or  itore  additional 
(X»rtplementation-recombination  groups  had  been  isolated. 

2)  Characterization  of  a  ts  virus  possessing  tvp  ts  lesions  produced  by 
reconbination  of  two  genetically  distinct  ts  donor  viruses  -  Ts  mutants  of 
influenza  A  vJxus  can  be  produced  by  mutagenesis  of  wild  type  virus  with 
subsequent  screening  for  virus  with  the  ts  phenol^pe.  In  this  way  viruses 
with  single  or  multiple  ts  lesions  have  been  isolated.  Last  year  we 
demonstrated  that  we  coulZ  produce  a  ts  recotibinant  virus  (known  as  Udom 
ts-lA2)  containing  two  ts  lesions  by  mating  two  single  lesioned,  ccnplement ing 
ts  viruses.  The  reccmblriant  virus  with  Udom/72  surface  antigens  and  two 
ts  lesions  was  more  restricted  in  replication  at  37**C  than  either  parent. 
The  purpose  of  generating  such  a  vinos  was  to  produce  a  very  defective  ts 
virus  for  administration  to  individuals  v*k)  lacked  imnunity  to  both  surface 
antigens  of  influenza  A  virus.  Genetic  evidence  suggested  that  the 
recotibinant  contained  two  ts  lesions,  one  in  oornplenentaticai  groijp  1  and 
the  other  in  group  5;  both  of  the  affected  genes  are  believed  to  code  far 
the  large  polymerase  proteins  (P3  and  PI  respectively) .  These  two  proteins 
are  now  known  to  be  involved  in  the  synthesis  of  conplementary  FNA,  the 
initial  step  in  viral  replication.  During  the  past  year  efforts  were 
directed  toward  mating  the  Udom/72-ts-lA2  double  reocrttoinant  with  the 
A/Vic/3/75  and  A/NJ/8/76  wild  type  viruses  and  analyzing  the  progeny  for 
shutof f  temperature  of  plaque  formation,  ts  genotype  and  level  of  replication 
in  hamsters. 

Six  A/Vic/3/76-ts-lA2  reccnbinants  were  obtained.  Five  had  a  37**C  shutoff 
totperature  and  failed  to  interact  in  ccrplementation-reoontoination  tests 
with  representatives  of  ccnplementation  groups  1  and  5.  The  other  vims 
had  a  38 °C  shutoff  tenperature  and  possessed  only  the  grovp  1  lesion;  this 
recombinant  received  only  one  of  the  2  ts  genes  of  its  ts  parent.  In 
hamsters  the  five  37°C  shutoff  recotibinants  failed  to  grew  in  t±ie  lungs  of 
hamsters  and  each  was  significantly  reduced  (100-fold)  in  its  growth  in 
the  nasal  turbinates  ccitpared  to  wild  type  virus.  The  SS'C  reccnbinant 
replicated  in  the  lungs  to  a  level  intermediate  between  that  of  the  wild 
type  virus  and  the  37°C  shutoff,  double  recombinant  viruses.  The  38°C 
recombinant  failed  to  revert  in  the  lungs  in  contrast  to  a  ts-l[E]  mutant 
tested  in  the  same  experiment.  Each  of  99  isolates  of  the  double  recotibinants 
from  the  nasal  turbinates  were  ts.  In  all  respects,  the  Vic/75-ts-lA2 
recotibinants  behaved  like  their  parent,  Udom/72-ts-lA2 ,  indicatmg  that 
acquisition  of  the  two  1A2  lesions  was  associated  with  a  predictable  set 
of  biological  properties  and  a  predictable  level  of  attenuation.  Furthermore, 
infection  of  haitisters  with  the  Udom/72  or  Vic/75  ts-lA2  ts  recombinants 
conferred  procection  against  homologous  wild  type  virus  challenge.  These 
data  provided  the  basis  for  evaluation  of  these  pronising  recottoinants  in 
volunteers.  One  37°C  reconbinant  clone  that  had  the  two  ts-lA2  ts  genes 
and  the  Vic/75  hemagglutinin  and  neuraminidase  surface  glyooproteihs  was 
chosen  for  further  studies  in  volunteers. 

AlLur  Lho  encouraging  results  obtained  with  the  1A2  reconbinants  of  the 
II3N2  subtype  it  was  of  interest  to  determine  the  ability  of  the  two  ts 
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culture  from  the  HK/68-ts-l[E]  parent  and  the  Vic/75-ts-l [E]  clone  113 
recombinant.  Clone  81  grew  to  10  '  TCIDcq  per  ml  of  organ  culture  fluid 
at  37°C,  whereas  the  other  two  viruses  did  not  grow  at  all  (<10   TCIDcf/ml) . 
Organ  cultures  that  were  infected  with  clone  81  and  incubated  at  37°C 
yj*^i(ied  vinos  that  possessed  both  ts  lesions;  however,  this  virus  was 
100-fold  less  restricted  in  replication  at  37''C  then  the 
original  clone  81  inoculim.  The  genetic  basis  for  this  alteration  is  not 
understood . 

Evaluation  of  the  NJ/76-ts-l [E]  reocntoinants  revealed  that  all  double- 
lesioned  mutants  had  a  3Wc  shutoff  tenperature  as  did  the  one  single 
lesioned  segregant,  that  possessed  only  the  group  2  lesion.  In  collaboration 
with  Dr.  Barney  Easterday  of  the  University  of  Wisconsin,  a  NJ/76-ts-l [E] 
recombinant  that  possessed  both  ts  lesions  and  the  HA  and  NA  of  NJ776 
virus  was  evaluated  in  pigs.  These  anirtals  were  infected  cisyirptcroatically 
with  the  ts-l[E]  recombinant  and  were  resistcint  to  chcillenge  with  the 
A/MJ/76  wild  type  virus. 

4)  Production  of  the  ts-l[E]  reconbirtants  possessing  the  Vic/75  henagglutinin 
and  the  HK/68,  Georgia/74,  or  Vic/75  neuraminidase  -  To  examine  the  effect 

of  neuraminidase  inmunity  on  the  reactogenicity  of  ts-l[E]  reccnfcinant 
viruses,  ts-  "■  fE]  viruses  were  generated  for  evaluation  in  volunteers. 
These  reccmbi-iants  possessed  the  tSAO  ts — 1[E]  lesions,  the  Vic/75  henagglutinin, 
and  neuraminidase  frcm  the  HK/68,  Ga/74",  or  Vic/75  virus.  The  ts-l[E] 
recombinants  possessing  the  HK/68  or  Vic/75  neuraminidase  vrere  isolated 
fron  the  cross  HK/68-ts-l [E]  X  Vic/75  wild  type  as  described  in  the  previous 
section.  The  ts-l[E]  reccnibinant  that  possessed  the  Vic/75  hemagglutinin 
and  the  GA/74  neuraminidase  was  generated  by  mating  the  Ga/74-ts-l  [E]  and 
Vic/75-ts-l[E]  reccmbinants,  each  of  v^ch  possessed  both  ts-lTE]  lesions. 
It  was  observed  that  plaque  size  on  MDCK  cell  monolayers  was  a  function  of 
N2  type,  i.e.,  those  clones  possessing  the  N2__^.  had  snail  plaque  size 
and  those  possessing  either  N2gg^  or  N2_^_  torm§d  large  plaques.  Evaluation 
of  the  reconbinant  viruses  in  volunteers  wHo  have  little  or  no  preinociiLation 
serum  anti-Vic/75  hemagglutinin  antibody,  but  possess  different  levels  of 
anti-neuraminidase  antibody  will  permit  a  determination  of  role  of  this 
antibody  in  the  reactogenicity  of  ts-l[E]  viruses. 

5)  Characto-rlzation  of  the  lesions  present  in  the  t3-l[E]  donor  virus  - 
A/AA/43-t8-l[E]  recombinants  and  their  ta  and  wild  type  parents  were 
studied  collaboratively  with  Drs.  M.  Ritchey  aivi  P.  Palese  of  Mt.  Sinai 
School  of  Medicine,  New  York,  vrtio  performed  polyewarylamide  gel  electrcphoresis 
of  virion  RNA.  They  were  able  to  localize  the  two  ts-l[E]  lesions  to  the 
RNA-1  and  the  RNA-6  fragments  that  code  for  the  P3  and  RNP  proteins 
respectively.  The  P3  protein  is  involved  in  ocrtpletnentary  RNA  synthesis 

and  the  RNP  protein  plays  a  role  in  virion  RNA  synthesis. 

6)  Studies  of  Influenza  Virion  RNA  by  Polyacrylamide  Gel  Electropjioresis 
The  influenza  A  virus  genotie  is  made  ip  of  8  pieces  of  RNA  that  can  be 
resolved  by  polyacrylamide  gel  electrophoresis.  Since  the  corresponding 
RNA  segments  fron  different  strains  often  migrate  differently,  it  is 
possible  to  determine  the  parental  origin  of  genes  present  in  recombinant 
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viruses.  Determination  of  parental  origin  of  genes  in  reociribinant  viruses 
will  permit  the  following  type  of  studies:  (1)  assignment  of  ts  lesions  to 
specific  RNA  segments,  (2)  correlation  of  genetic  behavior  of  ts  viruses 
with  location  of  ts  lesion  (s),  and  (3)  determination  of  effect  of  gene 
constelations  on  bTological  properties  such  as  level  of  attenuation,  etc. 

The  technique  of  polyacrylamide  gel  electrophoresis  utilizing  visualization 
of  RNA  bands  by  ethidiLon  branide  staining  and  U.V.  light  activation  is  now 
in  use  in  o-jr  laboratory.  Preliminary  tests  reveal  that  all  8  bands  can 
be  resolved  and  differences  in  migration  rates  of  RNA  fragments  between 
H3N2  varients  can  be  detected.  Refinement  of  the  technique  should  allow 
our  laboratory  to  commence  the  studies  previously  outlined. 

7)  Devolo^imnt  of  a  Primate  Model  to  Evaluate  the  Virulence  of  Influenza  A 
Viruses  -  Non-human  primates  have  frequently  been  used  in  an  attatrpt  to 
establish  a  simian  model  for  influenza  A  virus  infection,  however  the 
resulting  disease  has  generally  been  mild  and  lower  respiratory  tract 
illness  has  been  difficult  to  confirm  without  sacrificing  the  animal.  A 
total  of  36  cebus  monkeys  were  inoculated  intranascilly  (IN)  or  intratracheally 
(IT)  with  3.0  to  10  TCID-Q  of  wild  type  influenza  A/Victoria/75  or  A/New 

Jersey/76  virus.  IT  inoculation  of  A/Victoria/75  infected  each  of  10 
animals;  8  developed  a  febrile  systemic  illness  and  pulnonary  infiltration 
was  radiologically  evident  in  7  of  the  8.  Administration  of  A/New  Jersey/76 
intratracheally  produced  a  mild  afebrile  systemic  illness  in  2  animals, 
upper  respiratory  tract  illness  in  6  and  viiile  2  animals  remained  well; 
there  were  no  radiographic  changes.  IN  administration  of  either  virus 
produced  either  inapparent  infection  or  a  mild,  localized  illness.  The 
ccbus  monkey  appeeirs  to  be  an  acceptable  model  in  v*iich  to  estinete  the 
relative  virulence  of  wild  type  influenza  A  strains. 

8)  Conparison  of  the  Genetic  Properties  of  the  5FU  Induced  Mutants  and  Cold 
Adapted  Variants  of  Influenza  -  An  alternative  approach  to  the  use  of  ts 
mutants  as  donors  of  genetic  lesions  to  update  influenza  vaccines  is  to 

use  cold  adapted  viruses  as  donors.  Maassab,  Kendal,  and  Davenport  and 
their  collaborators  have  developed  a  series  of  cold  variants  and  cold 
recombinants  that  are  characterized  by  their  ability  to  replicate  equally 
well  at  25°  and  33°C.  Wild  type  influenza  strains  do  not  replicate  efficiently 
at  25°C,  but  can  be  adapted  to  grow  at  low  temperatures  either  by  a  st^wise 
process  in  v;hich  they  are  passaged  at  successively  lower  terrperatures 
(differing  by  3°C)  or  by  blind  passage  at  25°C  for  several  cycles  follod^d 
by  plaque  selection  at  25°C.  Transfer  of  the  cold  adaptation  lesion (s)  is 
carried  out  at  25°C  so  that  with  the  addition  of  appropriate  antiserum, 
reccaribinants  with  the  cold  adaptation  property  can  be  selected  directly. 
Using  this  methodology  Maassab  has  made  extensive  use  of  the  cold  adapted 
parent  PI-7  (derived  from  the  A/AA/6/60-H2N2  strain)  as  a  donor  of  the 
cold  adaptation  property  to  a  number  of  other  antigenic  variants. 

Initial  studies  of  the  parent  strain  and  12  of  its  cold  recombinants,  one 
clone  of  CR  6  ( Queens  land/6/7  2-H3N2) ,  one  clone  of  CR  12  (A/AA/9/73-H3N2) 
and  10  clones  of  CR18  (A/Scot/840/74  H3N2)  showed  that  the  parent  and  the 
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12  reocmbinants  were  tenperature  sensitive  in  addition  to  being  cold 
adapted.  They  were  also  shown  to  share  the  HK  group  1  ts  lesion  by  use  of 
the  corplementation-reccitibinaticn  assay.  Ilhe  12  reconbinants  shewed  a 
spectrum  of  shutof  f  teitperatures  with  CR6  and  4  of  the  CR  18  clones  sharing 
the  37°C  shutoff  •cettperatxjre  of  the  PI-7  parent,  and  the  CR  12  virus  and  6 
of  the  CR  18  clones  having  a  shutoff  tertperatiire  of  38 °C.  In  addition, 
one  clone  of  a  fourth  reoombinant  CR  13  (A/Dunedin/4/72-H3N2) ,  was  not 
tenperature  sensitive. 

If  the  PI-7  parent  were  to  be  routinely  used  as  a  source  of  genetic 
lesions,  it  was  necessary  to  stui^  the  products  of  nultiple  genetic 
transfers  in  order  to  verify  that  the  biological  and  genetic  properties 
were  consistently  transferred.  To  this  end  we  examined  the  progeny  from  3 
cidditional  reccmbiiiations  prepared  from  the  PI-7  parent;  CR  22  (Vic/3/75)  - 
18  clones,  CR  24  (A/NJ/8/75)-16  clones  and  2  additional  clones  of  CR  13. 
All  of  these  viruses  are  tenperature  sensitive.  The  shutoff  tenperatiores 
varied;  the  2  CR  13  clones  had  a  shutoff  tenperature  of  39°C;  several 
clones  of  CR  22  cind  CR  24  appeared  to  have  a  37°C  shutoff  tenperature, 
while  other  clones  of  both  of  these  reconbinants  had  a  38 °C  shutoff 
tenperature.  Although  all  of  the  reoonbinants  of  CR  22  and  CR  24  were 
tenperature  sensitive  sane  of  them  underwent  genetic  interaction  with  the 
HK-groi$)  1  prototype  in  ciddition  to  corplementing  the  other  6  Hong  Kong 
cotplementation  groups.  This  suggested  these  recombinants  had  a  ts  lesicxi 
not  represented  in  the  HK  conplementation  groups  1-7.  Iliis  ts  lesiai 
should  also  be  present  in  the  parental  PI-7  vims.  An  attenpt  has  been 
made  to  demonstrate  the  presence  of  2  ts  lesions,  (i.e. ,  the  group  1 
lesion  and  the  new  lesion)  by  carrying  out  caiplementation  studies  with 
the  PI-7  virus  and  its  reccnibinants  and  using  as  genetic  prctoes  a  series 
of  ts  mutants  of  the  WSN  strain  developed  by  Sugiura  and  Kilboume  and 
their  collaborators  and  characterized  biochemiceilly  by  Krug,  Palese  and 
Ritchey  and  their  collaborators.  These  results  will  be  discussed  in  the 
next  section. 

9)  The  Use  of  Genetic  Analysis  to  Characterize  the  Biochemical  Nature  of  the 
ts  Lesions  in  the  7  Conplementation  Groups  of  5FU  Mutants  of  Hong  Kong 
Virus  and  in  Cold  Variants  and  Cold  Reccnibinants  -  Sugiura,  Kilboume, 
Ueda,  Tobita,  Krug  and  their  collaborators  have  developed  and  characterized 
.1  Kc^rios  of  5FU  ts  mutants  of  the  WSN  (HONl)  strain  of  influenza  A  virus. 
They  have  been  eiasigned  to  7  cxatplonentation  groups  ty  genetic  analysis, 
and  the  biochemical  defect  in  menibers  of  each  gro\p  has  been  established. 
Palese  and  Ritchey  cind  their  collaborators  have  recently  been  able  to 
assign  each  genetic  defect  to  a  particular  RNA  segment  by  using  polyacrylamide 
gel  analysis.  Vte  have  previously  ccnpared  the  HK  mutants  with  the  WSN 
mutants  using  the  complementation  recombination  assay  and  were  able  to 
show  that  HK  1=WSN  1,  cRNA  defect;  HK  6=4«SN  2,  vRNA  defect;  HK  5=WSN  3, 
cRNA  defect.  Palese  was  able  to  denonstrate,  by  using  polyacrylamide  gel 
electrophoresis  that  the  HK  2=WSN  V,  vRNA,  RNP  defect.  We  had  previously 
shown  that  other  3  HK  groups  and  the  other  3  WSN  grovjps  did  not  share 
lesions  based  on  their  ability  to  undergo  genetic  interaction  in  the 
ccstplementation  recombination  assay.  Since  other  vorkers  have  shown  that 
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conplenentation  can  cx:cur  in  the  absence  of  recontoination  w©  have  recently 

begun  to  test  this  effect  by:  (i)  analyzing  the  plaques  that  appear  at 

39°C  (the  nonpermissive  terrperature)  on  dually  infected  monolayers  for 

their  efficiency  of  plating  at  34"  and  at  39°C;  (ii)  carrying  out  recombination 

with  v.arious  virus  pairs  by  mixedly  infecting  cells  at  34°  and  then  assaying 

thu2  virus  yield  for  the  presence  of  virus  that  can  plaque  at  39'C  (an 

indication  of  the  occurrence  of  recombination) .  To  data  this  work  has 

been  hanpered  by  the  fact  that  the  WSN  mutants  have  t>ro  characteristics 

that  make  genetic  analysis  with  them  difficult:   (i)  they  have  a  tendency 

to  be  leaky,  i.e.,  plaques  form  in  singly  infected  control  cultures  incubated 

at  the  non-permissive  tettperature  and  (ii)  they  have  a  tendency  to  interfere 

during  tests  for  genetic  interactions,  i.e.,  despite  the  fact  that  one  or 

botli  of  the  viruses  is  leaky  (i.e. ,  able  to  grow  to  low  titer)  in  singly 

infected  cuJ.tures  incubated  at  the  non-permissive  tanperature,  there  may 

be  no  growth  of  virus  in  dually  infected  cultures,  despite  the  fact  that  a 

particular  pair  of  mutants  may  have  been  shown  in  other  tests  to  be  able 

to  undergo  genetic  interaction  and  not  to  share  ts  lesions. 

Previous  studies  with  cold  variants  and  the  HK  set  of  ts  mutants  have 
shown  that  5  independently  derived  cold  variants  that  are  temperature 
sensitive  iray  share  one  or  several  lesions  with  the  HK  set:  A/AA/6/60, 
gxx}up   1;  V^A/2/65,  group  1;  VAA/2/67,  groi:ps  1,3,5;  A/Aichi/2/68;  grov^ss 
1,  6  and  A/Kk/l/lO,   groups  1,  3,  6.  The  purpose  of  comparing  the  genetic 
lesions  of  the  cold  variants  and  the  VBN  mutants  were  2-fold:   (i)  to 
confirm  the  lesions  identified  by  corplementation  with  the  HK  mutants,  in 
those  cases  v^ere  there  was  sharing  of  lesions  between  the  HK  and  V^N 
groups  (ii)  to  ascertain  whether  the  cold  variants  had  any  lesions  in 
addition  to  those  determined  in  tests  with  the  HK  prototype  mutants,  since 
there  were  several  WSN  and  HK  groups  v*iose  lesions  that  did  not  overlap. 

Again  these  studies  were  hampered  by  the  2  properties  noted  above  for  the 
WSN  strains,  i.e.,  the  WSN  mutants  tended  to  interfere  and  to  leak.  Ihe 
situation  turned  out  to  be  more  oonplex  than  was  first  anticipated.  It  was 
anticipated  that  cold  variants  that  shared  a  lesion  with  a  HK  mutant  vrould 
not  interact  by  coitplementation  with  a  WSN  mutant  that  corresponded  to  the 
HK  mutant.  However,  this  was  not  always  observed.  Viruses  that  shared 
the  HK  group  1  lesion  could  be  divided  into  two  groups:   (i)  one  group, 
including  VAV6/60  and  VV2/65  did  show  genetic  interaction  with  hoth 
members  of  the  WSN  I  group  (ts-1  and  ts-6) ;  (ii)  the  second  grovp  including, 
VAA/2/67,  A/Aichi/2/68  and  a7aV1/70  showed  genetic  interaction  with  ts- 
1,  but  not  with  ts-6.  In  the  case  of  a  virus  that  shared  the  HK  groipT 
lesion,  (A/Aichi72/68)  there  did  not  appear  to  be  genetic  interaction  with 
WSN  group  III  that  also  shared  this  lesion.  In  the  case  of  the  viruses 
that  shared  the  HK  group  6  lesion  (A/Aichi/2/68  and  A/AA/1/70)  there  was 
soms  evidence  for  genetic  interaction  between  both  of  these  viruses  and 
the  corresponding  WSN  group  II  representative. 

In  terras  of  finding  additional  lesions  in  the  cold  variants  by  using  this 
method,  the  following  observations  were  made:   (i)  the  A/AA/6/60  virus  and 
several  of  its  recombinants  did  not  readily  undergo  genetic  interaction 
with  the  WSN  group  III,  a  cRNA  defective  mutant.  None  of  the  cold  variants 
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readily  underwent  genetic  interaction  with  the  WSN  rjroup  V  virus.  However, 
the  WSN  group  V  virus  seemed  to  readily  interfere  with  the  replication  of 
numerous  mutiints.  Several  of  the  oold  Vcuricints  did  not  undergo  genetic 
interaction  with  ts-11,  a  matiber  of  the  WSN  group  IV  vrtiich  was  subsequently 
been  shewn  to  have  a  defect  in  the  nonstructural  protein  in  addition  to  a 
lesion  in  the  neurandnidase  gene.  Hcwever  they  all  underwent  genetic 
interaction  with  ts-3  a  second  member  of  group  IV  \4iich  appeared  to  have 
only  a  single  leslai. 

These  observations  suggest  that  there  may  be  cases  of  both  conplementation 
without  recombination  and  reoaiibination  without  ccmplementation  occurring 
when  certain  pairs  of  mutants  are  used  to  dually  infect  cells  and  that  it 
may  be  necessary  to  carry  out  analysis  using  both  of  these  methods  to 
verify  the  nature  of  genetic  interaction  occurring  between  particular 
pairs  of  mutants.  Conplonentation  without  reoonibination  may  occur  vtien 
the  mutations  are  located  on  the  same  segment  of  RNA,  but  on  functicaially 
different  portions  of  a  mul timer ic  molecule.  Reccnibination  without 
ccnplementation  might  occur  if  the  molecules  for  a  multifunctional  unit, 
such  as  the  RNP,  must  be  assembled  fran  a  single  parent  to  be  functional. 

An  additional  method  has  also  been  used  to  try  to  ascertain  the  nature  of 
the  cold  adaptation  lesion.  This  has  consisted  of  trying  to  transfer  the 
oold  adaptation  arid  temperature  sensitive  properties  from  a  particular 
cold  variant  to  another  strain  of  influenza  A  with  different  surface 
antigens  and  studying  the  properties  of  the  viruses  derived  in  this  manner 
in  terms  of  their  oold  adaption  properties  and  their  tenperature  sensitivity 
and  the  nature  of  the  ts  lesions  that  remain.  These  reccrrbinants  were 
prepared  at  33°C.  They  have  not  been  ocnpletely  characterized,  but  the 
follcwing  observations  were  itade.  The  oold  adaptation  property  and  the 
temperature  sensitive  property  can  be  dissociated  frcm  each  other.  It  is 
also  possible  to  derive  reocmbinants  that  retain  their  tenperature  sensitivity, 
but  do  not  have  the  HK  groip  1  lesion.  Production  of  reoranbinants  betv^en 
a  ts  virus  bearing  the  grovp  1  lesion  and  a  cold  variant  that  was  not 
tenperature  sensitive  (A/FlVl/47-HlNl)  resulted  in  recombinants  with 
varying  degrees  of  cold  adaptation,  that  also  behaved  as  if  they  had 
lesions  in  the  HK  group  1,  3,  5  or  6  oonplementation  group.  Iliis  observation 
suggests  that  the  process  of  cold  adaptation  may  alter  the  virion  polypepetides 
in  such  a  way  thac  they  interfere  with  the  ocnplanentation  process. 

A  final  method  used  to  study  the  relationship  of  the  oold  adaptation 
propertJeB  and  temperature  aonaitivity  has  been  to  study  the  propeities  of 
rtsvorUintB  Uiat  apptiarcxl  In  the  lunga  and  nasal  turbinates  of  hamsters 
infected  with  the  CR  12,  CR  18  clone  6  and  CR  18  clone  7  viruses.  When 
these  clones  were  examined  we  noted  that  the  loss  of  tenperature  sensitivity 
did  not  always  mean  a  loss  in  cold  adaptation.  In  addition  to  viruses  that 
retained  the  cold  adaptation  property  and  others  that  lost  it  oorpletely, 
there  were  a  large  nuonber  of  clones  that  had  intermediate  characteristics. 
Although  they  did  form  plaques  at  25°C  these  plaques  wsre  smaller  than 
those  of  the  parental  strain  and  took  much  longer  to  appear  (5-7  days  vs. 
3-4  days) .  Despite  prolonged  inciiation  these  plaques  did  not  increase  in 
size. 
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Objectives:  Tb  develop  a  simian  model  for  M^  pneumoniae  disease  for  use 
in  studies  of  pathogenesis  and  iinmunity  as  well  as  for  safety  testing  of 
vaccines . 

Progress 

Although  %coplasma  pneumoniae  pneimcnia  occurs  primarily  between  5  to 
15  years  of  age  silent  infection  with  this  organism  has  been  shown  to 
occur  frequently  in  infants  and  pre-school  age  children.  To  examine  the 
possibility  that  disease  caused  by  M^  pneumoniae  may  be  in  part  inmunologically 
determined  in  a  host  sensitized  by  one  or  more  silent  infections,  three 
seronegative  squirrel  monkeys  were  inoculated  intratracheally  (IT)  with 
M.  pneumoniae  a  total  of  4  times  over  the  course  of  13  months .  Initial 
ej^xDsure  to  the  organism  resulted  in  subclinical  infecticai  of  each 
animal  with  shedding  of  M^  pneumoniae  fron  the  upper  respiratory  tract. 
S\±)sequent  IT  inoculations  at  155  and  260  days  following  the  initial 
infection  iriduced  siiriilau:  subclinical  infections  characterized  by  shedding 
of  the  organism  and/or  a  serologic  response.  Vteekly  chest  x-rays  disclosed 
no  abnormalities  and  red  and  vAiite  blood  cell  counts  ratained  unchanged. 
Infection  coiHd  not  be  documented  following  a  4th  IT  inoculation  with 
10  *  CFU.  Throughout  the  stu(^,  there  was  no  evidence  of  transmission 
to  broth- inoculated  cagemate  controls.  Serial  respiratory  tract  infections 
with  M^  pneumoniae  in  this  simian  model  failed  to  elicit  an  accentuated 
host  response. 

Significance  of  Program  to  the  Institute 

M.  pneumoniae  is  an  important  cause  of  lower  respiratory  tract  disease, 
especially  during  the  first  2  decades.  Attertpts  to  develcp  attenuated 
mutants  for  use  in  immunoprcphylaxis  and  to  achieve  a  better  understanding 
of  the  pathogenesis  of  disease  are  relevant  to  the  Institute's  mission 
of  disease  prevention  and  control. 
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This  project  consists  of  continuing  studies  of  the  chemistry,  structure 
spideaniology,  uitnunology  and  pathology  of  the  human  hepatitis  viruses. "ihe  goal  of 


3uch  studies  is  the  control  of  human  viral  hepatitis  by  application  of  the  most 
appropriate  methods,  including  active  and  passive  imnunization,  chemotherapy  and 
interdiction  of  spread  of  the  viruses.  Progress:  Hepatitis  A  viral  antigen  was 
purified  from  feces  and  used  in  newly  developed  sensitive  assays  for  antibody  to 
bhe  antigen  to  study  the  seroepidemiology  of  hepatitis  A  virus  infection  in  def infed 
populations.  The  biophysical  and  biochemical  characterization  of  hepatitis  A  vira}. 
antigen  has  begun,  and  studies  of  the  irtinunopathology  of  hepatitis  type  A  in  non-i 
luman  primates,  using  defined  pools  of  virus,  are  in  progress.  An  inactivated 
3ubunit  vaccine  for  hepatitis  type  B  has  been  developed  and  is  undergoing  extensive 
tests  of  safety  and  efficacy  in  chirrpanzees.  A  third  hepatitis  B  antigen,  e  anti- 
yen,  is  being  characterized  and  its  relationship  to  infectivity  is  being  ej^lored. 
LVi.dence  that  populations  of  hepatitis  B  viruses  may  contain  defective  interfering 
Darticles  has  been  obtained,  and  this  finding  is  being  utilized  in  renewed  attatp^ 
to  isolate  the  virus.  A  newly  recognized  clinical  syndrone,  type  non-A,non-B 
hepati^Sy^  has  been  further  defined  and  attotpts  to  identify  an  etiologic  agent  1 

040  "    •  'J  (•■.  •) 

10-76) 


ZOl  00026-10  LID 
Project  Description 

Ct) jectives ;   (1)  To  collect  clinical  itaterial  of  high  potential  infectivity 
for  use  in  laboratory  studies:   (2)  To  cSevelop  and  test  iii  vitro  procedure^ 
and  animal  systems  for  use  in  laboratory  studies  of  viral  hepatitis ;  (3) 
To  propagate  the  viruses  of  hepatitis  in  culture  or  in  experimental  animals; 

(4)  To  study  the  biochanistry,  biophysics,  iimtunology  and  epidaniology  of 
hepatitis-cissociated  antigens;  (5)  lb  develop  vaccines  or  other  control 
measures  for  viral  hepatitis;  (6)  To  develop  chenotherapeutic  approaches 
to  the  control  of  chironic  vireil  hepatitis. 

Methods  Biployed 

(1)  Longitiidinal  collection  of  clinical  specimens  fron  hepatitis  patients; 

(2)  ultracentrifugal,  electroE*ioretic  and  colunn  chromatogre^iiic  purification 
of  hepatitis  viruses  and  related  cintigens;  (3)  inoculation  of  non-hunan 
primates  for  the  determination  of  infectivity  and  clinical  spectrum  of 
hepatitis  viruses;  (4)  microscc^ic  examination  of  hepatitis  viruses  aixJ 
virus-infected  tissue  by  fluorescence  microscopy  and  electron  microscopy; 

(5)  a  variety  of  tissue  culture  techniques;  (6)  a  wide  variety  of  immunologic 
techniques  for  measuring  humoral  and  cellular  inrmune  responses. 

Major  Findings 

(1)  Hepatitis  A; 

A.  Serology  and  Epidemiology  -  Seroepideniiologic  studies,  errploying 
hepatitis  A  antigen  purified  fron  human  stools  and  the  sensitive  serologic 
technique  of  immune  adherence  hemagglutination,  have  been  extended  to 
include  approximately  3000  sera  carefully  selected  on  the  basis  of 
epJLdeniiological  criteria.  This  seroepidemiologic  stui^  has  resulted  in  a 
new  understanding  of  the  ecology  of  hepatitis  A  virus  throughout  the 
world.  The  following  observations  were  made:   (a)  The  prevalence  of 
exposure  to  hepatitis  A  virus  incresises  with  increasing  age,  decreases 
with  increasing  socioecononiic  class,  increases  with  increasing  prevzdence 
of  hepatitis  B  vjxus  infection,  is  independent  of  sex  and  race,  varies  in 
different  peirts  of  the  vorld  as  a  function  of  hygienic,  developnental  and 
unrecognized  geographic  factors,  and  does  not  apf)ear  to  be  affected  by 
iitmunodeficiency  or  inmunologic  irmaturity;  (b)  transmission  of  type  A 
hepatitis  is  enhanced  by  poor  personal  hygiene  such  as  that  seen  in 
institutions  for  the  mentally  retarded;  (c)  there  is  no  increased  exposure 
to  hepatitis  A  virus  among  male  homosexuals,  although  the  frequent  and 
intimate  contact  with  multiple  sexual  partners  cheuracteristic  of  this 
group  results  in  very  high  hepatitis  B  virus  infection  rates;  (d)  there  is 
no  evidence  for  blood-borne  spread  of  hepatitis  A  virus  under  natural 
conditions  as  determined  by  studies  of  hemodialysis  patients  and  staff  and 
iTiultiply  transfused  individuals,  although  these  groips  also  have  a  high 
hepatitis  B  virus  attack  rate;  (e)  there  was  no  epidemiologic  evidence  for 
a  blood  borne  or  intestinal  hepatitis  A  virus  carrier  state;  (f)  hepatitis 
A  virus  appears  to  play  no  role  in  chronic  liver  disease,  a  minor  role  in 
fulminant  hepatitis  and  a  major  role  in  sporadic  cases  of  hepatitis  among 

32^ 


mi  M   00026-10  WR 

urban  adults- 

An  enzyme-linked  immunoassay  (ELISA)  test  for  hepatitis  A  antigen  and 
antibody  has  been  developed.  Ihis  technique  is  as  sensitive  as 
radioirmtunoassay  and  it  permits  the  rapid  identification  of  antigen  or 
antibody.  A  modification  of  the  technique,  ertploying  blocking  of  the 
reaction  with  normal  serum  or  anti-hepatitis  A  inmune  serun  permits  the 
differentiation  of  specific  reactions  from  the  non-specific  reactions 
frequently  observed  v*ien  stool  sanples  are  tested. 

Similarly,  a  solid-phase  radioirtmunoassay  for  hepatitis  A  antigen  was 
modified  by  labelling  pre- infection  and, hyperimmune  hepatitis  A  globulins 
with  different  radioisotopes  (   I  and    I) .  Such  dual  labelling 
permitted  the  simultaneous  testing  of  stool  saitples  for  specific  and  non- 
specific reactions.  The  results  obtained  with  this  technque  were  ccnparable 
to  those  obtained  by  the  modified  ELISA  technique  and  by  immune  electron 
microscopy. 

A  fluorescent  antibody  test  for  hepatitis  A  antigen  in  liver  and 
other  tissues  was  developed.  This  technique  has  permitted  for  the  first 
time  the  intracellular  localization  of  viral  antigen.  The  antigen  was 
detected  only  in  the  cytoplasm  of  infected  liver  cells.  Antigen  was 
present  in  the  liver  of  chimpanzees  and  marmosets  before  onset  of  illness 
and  persisted  for  days  to  weeks  after  transaminase  values  returned  to 
normal. 

Peroxidase  ].cibelled  antibody  to  hepatitis  A  virus  weis  prepared  for 
electron  microscopic  localization  of  hepatitis  A  antigens  in  infected 
liver  cells.  These  reagents  have  been  shown  to  be  reactive  by  li^t 
microscopy  and  are  currently  being  enployed  for  electron  microscc^ic 
analysis  of  serial  liver  biopsies  from  chinpanzees  experimentally  infected 
with  hepatitis  A  virus. 

B.  Biophysical  Characterization  -  Primary  en^tosis  hcis  been  on  identification 
of  antigen  containing  stool  sanples  and  purification  of  Icurge  quantities 

of  hepatitis  A  virus-like  particles  for  lase  in  characterization  studies. 
These  studiea  are  currently  being  carried  out  in  cooperation  with  the  MAN 
laboratory,  Rockville,  Maryland. 

C.  Transmission  Studies  in  Non-human  Primates  -  Infectivity  titrations  of 
several  pools  of  hepatitis  A  virus  are  being  carried  out.  Cne  stool  pool, 
from  the  SangDiego  hepatitis  outbreak,  has  been  shown  to  have  an  infectivity 
titer  of  iilO  chinpanzee  infectious  doses  (CIDj-f^)  per  ml.  Another  stool 
pool,  derived  frcm  the  Joliet  Prison  hepatitis  A  studies  has  an  infectivity 
titer  of  >10  .  Similar  titrations  of  a  serum  pool  derived  fron  the  Willoi*)rook 
MS-1  strain  of  hepatitis  A  virus  and  a  serum  pool  derived  from  the  San 

Diego  hepatitis  outbreak  are  also  being  carried  out.  Both  of  these  pools 
huve  been  IouikI  Lo  bu  infectious  for  chimpanzees;  the  MS-1  pool  has  an 
infectivity  titer  of  10  CIDcq.  Infectivity  studies  of  acute  phase  urine, 
saliva  and  semen  pools  are  aiso  being  carried  out. 
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One  unanswered  question  related  to  hepatitis  A  virus  infection  is  whether 
the  virus  multiplies  in  the  intestinal  tract.  In  an  attenpt  to  answer 
this  question,  a  chinpanzee  was  inoculated  intravenously  with  live  hepatitis 
A  virus.  At  the  first  sign  of  viral  multiplication  (hepatitis  A  antigen 
detected  in  the  liver  by  irmiunofluorescence)  a  lc^>arotacny  was  performed 
and  liver  and  intestinal  tissue  (taken  at  3  levels  of  the  small  intestine) 
were  obtained.  Although  fluorescence  was  easily  observed  in  the  liver 
tissue,  no  fluoresence  was  detected  in  any  of  the  intestinal  tissue 
sanples.  This  study  suggests  that  the  hepatitis  A  virus  does  not  replicate 
in  the  gut,  at  least  following  intravenous  inoculation.  This  experiment 
will  be  repeated  with  oral  ijioculation  of  virus  in  order  to  determine  if 
intestinal  infection  occurs  under  these  circumstances. 

Special  permission  from  the  Peruvian  government  was  obtained  for  the 
irrportation  of  a  limited  number  of  Saguintis  mystax  marmosets  for  hepatitis 
A  research.  These  animals  are  currently  being  inoculated  and  monitored 
for  hepatitis  A  virus  infection.  At  the  first  sign  of  infection,  a  prcportion 
of  the  animals  are  being  sacrificed  cind  the  stool  and  livers  retained  for 
extraction  of  viral  antigen  for  serologic  purposes.  These  studies  are 
being  carried  out  collaboratively  with  the  Bureau  of  Biologies  of  FDA  euid 
the  Phoenix  Field  Station  of  the  CDC.  Preliminary  evidence  suggests  that 
marmoset  livers  are  not  an  abundant  source  of  hepatitis  A  virus  antigen, 
at  least  vrtien  ciorrently  available  strains  of  virtis  are  used  for  inoculation. 
It  is  therefore  probable  that  acute  phase  stools  frcm  humans  and  chimpanzees 
infected  with  hepatitis  A  virus  will  continue  to  be  an  iitportant  source  of 
hepatitis  A  viral  antigen. 

2.   HEPATITIS  B 

A.  Serology  and  Epidemiology  -  Although  numerous  tests  for  hepatitis  B 
antigens  and  ant:Jx»dies  have  been  developed,  there  is  not  readily  available 
a  sensitive  test  for  antibody  to  hepatitis  B  core  antigen.  Five  different 
modifications  of  radioimmunoassays  were  cotipared  for  sensitivity  and 
specificity  for  detecting  anti-HBc.  A  method  based  ipon  ccrpetition 
between  anti-HBc  in  the  serum  to  be  tested  for  antibody  and  radiolabelled 
anti-HBc  employed  in  the  test  was  foimd  to  be  the  best  technique,  based 
upon  sensitivity,  specificity  and  ease  of  performance.  The  method  requires 
only  5  ul  of  serum  and  is  highly  reproducible. 

•rtierc  has  bean  much  controversy  over  the  role,  if  auny,  of  cell-mediated 
ijimine  responaes  in  type  B  hepatitis.  Extensive  studies  were  caxzied.  out 
of  CMI  responses  in  guinea  pigs  iimunized  with  a  vairiety  of  antigens, 
including  highly  purified  hepatitis  B  surface  antigen.  Measurement  of 
macrophage  inhibitoiry  factor  (MIF)  was  the  iji  vitro  method  evaluated. 
After  establishment  of  the  validity  of  this  technique  in  guinea  pigs,  CMI 
studies  of  the  response  of  chimpanzees  to  vaccination  with  hepatitis  B 
surface  antigen  and  to  challenge  with  live  hepatitis  B  virus  were  carried 
out.  A  relationship  betveen  CMI  responses  and  protection  or  between  CMI 
responses  and  clinical  expression  of  illness  could  not  be  datonstrated; 
CMI  responses  to  HBs  Ag  in  chimpanzees  at  least  as  measxired  by  MIF, 
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appear  to  be  epiphencmena.  Preliminiary  evidence  suggests  that  such  nay 
also  be  the  case  for  hunans.  Similar  studies  enplx^ing  lynphocyte 
transformation  as  a  marker  of  CMI  are  currently  in  progress. 

In  collaboration  with  German  scientists,  an  attenpt  was  made  to  correlate 
the  various  markers  of  hepatitis  B  virus  infection  with  clinical  eiqjression 
of  illness.  The  markers  of  active  and  ongoing  virus  replication  (serum 
DNA  polymerase  activity,  e  antigen,  elevated  anti-HBc  titers  and  denoistration 
of  HBc  Ag  in  nuclei  of  liver  cells)  all  correlated  positively  with  the 
presence  of  chronic  active  or  chronic  persistent  hepatitis;  these  markers 
were  generally  absent  in  the  inapparent  carrier  of  HBs  Ag. 

Similarly,  the  markers  of  DNA  polymerase  activity  and  e  antigen  correlated 
positively  witJi  high  infectivity  of  blood  v*ien  exposure  was  via  inadvertant 
needle-stick.  This  study,  an  expansion  of  a  previous  preliminary  stui^, 
yielded  another  interesting  finding:  vAiereas  DNA  polymerase/e  antigen 
positive  blood  resulted  in  clinical  hepatitis  in  inadvertent  recipients  of 
that  blood,  DNA  polymerase/e  antigen  negative  blood  resulted  in  inapparent 
infection  without  clinical  expression.  Tliis  interesting  finding  will 
require  additional  study,  since  the  relationship  between  titer  of  virus 
and  clinical  expression  of  infection  could  not  be  found  in  previous  titration 
experiments  in  chintpanzees.  Thus,  other  as  yet  undefined  factors  may  be 
operative  in  the  determination  of  vrtiether  exposure  to  HBV  leads  to  clinical 
illness  or  inapparent  infection. 

B.  Biophysical  Characterization  -  We  have  proposed  previously  that 
hepatitis  B  virus  infection  may  represent  an  exanple  of  a  defective 
interfering  particle  system.  Ihis  was  based  upon  the  identification  of 
"heavy"  Dane  particles  that  were  polymerase  positive  and  "light"  Dane 
particles  that  were  polymerase  negative.  Subsequently,  a  population  of 
Dane  particles  intermediate  in  density  and  positive  for  polymerase  (but 
weakly  so)  has  been  discovered  by  Dr.  Kaplon  and  Dr.  Gerin.  These  particles 
fit  the  definition  of  classical  defective  interfering  particles.  In  an 
attenpt  to  further  characterize  the  "heavy"  Dane  particle  population  and 
to  determine  if  it  is  infectious,  heavy  Dane  particles  were  purified  in 
sucrose.  This  material  is  currently  xindergoing  infectivity  titrations  in 
chinpanzees.  Should  it  prove  infectious  it  will  then  serve  as  a  standard 
pool  for  attenpts  at  isolation  of  the  virus  in  tissue  culture.  Because 
this  pool  is  essentially  free  of  the  22  nm  spherical  and  filamentous  forms 
of  HBs  Ag  (excess  coat  material)  and  "light"  (and  hopefully  intermediate) 
Dane  peirticles,  it  may  be  particularly  useful  for  tissue  culture  isolation 
attempts . 

Meyer  zum  Bushenfeld  reported  the  presence  of  a  liver-specific  protein 
(LSP)  on  the  surface  of  hepatocytes  that  reacted  with  antihod/  in  patients 
with  certain  types  of  chronic  hepatitis.  Although  si±>sequent  studies  seem 
to  indicate  that  anti-LSP  is  present  only  in  patients  with  so-called 
"autcminmune  hepatitis",  concern  has  been  voiced  about  the  role  of  anti- 
LSP  in  perpetiaating  chronic  type  B  hepatitis.  Seme  experimental  evidence 
for  such  a  role  has  been  presented,  based  \;(x:^  CMI  studies  with  partially 
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purified  LSP.  We  have  attatpted  to  characterize  LSP  with  the  hcfpe  of 
using  it  in  various  tests  of  humoral  and  cellular  immune  response.  However, 
the  antigen  was  found  to  be  so  labile  that  it  is  highly  unlikely  that 
reported  imrtuno  logical  responses  to  it  (with  the  exception  of  indirect 
irmiunofluorescence)  are  indeed  specific  for  ISP.  Therefore,  the  previous 
interpretations  may  be  erroneous.  Work  is  continuing  on  the  characterization 
of  LSP  and  the  inmune  response  to  it,  utilizing  the  indirect  inTnunoflvx)rescenoe 
method. 

Work  continues  on  attenpts  to  pmrify  and  characterize  e  antigen.  Ihis  heis 
proven  to  be  a  very  difficult  project  in  all  laboratorres  that  have 
attempted  to  study  the  antigen.  Partial  purification  of  e  antigen  derived 
fron  chimpanzee  plasma  has  been  achieved.  This  antigen  appears  to  be 
antigenically  identical  with  e  antigen  fron  human  plasna.  However,  it 
appears   to  be  biopiiysically  drstinct,  and  these  differences  are  being 
utilized  in  attenpts  to  prepare  reagents  against  the  chiitpanzee  e  antigen 
for  lose  in  subsequent  studies  of  the  human  antigen. 

C.  Hepatitis  B  Vaccine  DevelopTient  -  Extensive  tests  of  safety,  antigenicity, 
and  efficacy  of  hepatitis  B  subunit  vaccines  have  been  carried  out  in 
chinpanzees .  Three  vaccines  have  been  evaluated:  monovalent  subtype  adw 

and  ayw  vaccines  and  a  bivalent  vaccine  prepeired  fron  a  blend  of  the  two 
monovalent  vaccines .  Approximately  one  hundred  chimpanzees  have  been 
utilized  in  the  evaluation,  v^ich  is  almost  corplete.  All  three  vaccines 
appear  to  be  safe,  amticjenic  ^u^d  capable  of  protecting  against  type  B 
hepatitis  following  challenge  with  live  virus,  ^^roval  for  administration 
of  the  adw  vacciiie  to  humans  has  been  obtained,  and  approval  for  the  other 
two  vaccines  will  be  sought  as  soon  as  final  testing  is  ocnpleted.  Gatpariscsi 
of  these  vaccines  with  vaccines  prepared  by  Merck  Sharpe  and  Dt*me  and  by 
Maipeis  in  France  reveal  a  much  higher  specific  activity  (antigen  titer  per 
microgram  of  protein)  for  the  NIAID  vaccines.  This  difference  is  reflected 
in  the  antibody  response  of  chinpanzees  vaccinated  with  the  veurious  vaccines. 
As  described  above,  the  protective  effect  of  the  vaccines  appeaurs  to 
reside  in  their  ability  to  stimulate  humoral  iimunity,  not  cellular 
immunity. 

The  hepatitis  B  subunit  vaccines  will  be  tested  for  safety  in  a  low  risk 
population  before  being  tested  for  efficacy  in  high  risk  populations. 
Baseline  studies  of  low  risk  populations  (Trappist  Monks)  and  of  high  risk 
populations  (patients  and  staff  of  hemodialysis  units)  are  already  in 
progress.  Both  populations  appear  to  be  suitable  for  their  respective 
purposes. 

D.  Chemotherapy  -  Although  hepatitis  B  vaccines  are  feasible  and  will 
undoubtedly  be  used  for  certain  high  risk  populations  in  the  futtire,  there 
remain  between  150  million  :md   200  million  people  in  the  world  at  any  one 
time  who  are  chronically  infected  with  hepatitis  B  vin.:s.  Jtequelae  of 
such  infections  include  progressive  chronic  active  hepatitis,  leading  to 
chirrhosis  and  death,  and,  in  Asia  cind  Africa,  hepatic  cell  carcinoma.  In 
addition,  individuals  chronically  infected  with  hepatitis  B  virus  are 
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potentially  infectious  to  contacts.  There  is  no  specific  treatitent  for 
chronic  viral  hepatitis;  steroids  and  anti-metabolites  have  been  \3sed  with 
varying  success,  but  these  drugs  treat  the  host  response  and  not  the 
vircil  infection.  There  is  therefore  a  need  for  specific  chemotherapy  of 
chronic  hepatitis. 

Interferon  and  inducers  of  interferon  have  been  shown  to  inhibit  the 
replication  of  many  viruses  in  vitro  and,  in  seme  cases,  in  vivo.  A 
stabilized  form  of  polyriboinocynic-polyribocytidylic  acid,  (poly  IC) ,  an 
inducer  of  interferon,  was  administered  to  chimpanzees  chronically  infected 
withi  heijatitls  B  virus.  All  markers  of  hepatitis  B  virus  infection  were 
markedly  diminished  by  such  treatment,  although  the  effects  ware  teirporary 
and  viral  markers  returned  to  pretreatment  levels  following  cessation  of 
treatment.  Similar  results  were  obtained  in  patients  by  Stanford  researchers 
using  exogenous  interferon.  These  studies  mark  the  first  successful 
specific  treatment  of  chronic  viral  hepatitis. 

An  interesting  finding  in  the  poly  IC  study  was  the  marked  outpouring  of 
defective  (polymerase-negative)  Dane  particles  into  the  serum  during  the 
first  few  days  of  treatment.  This  finding  suggested  that  interferon  may 
inhibit  hepatitis  B  virus  by  changing  the  ratio  of  defective  to  oonplete 
virus  particles.  In  order  to  further  explore  this  possibility,  chiitpanzees 
chronically  infected  with  HBV  are  being  treated  with  interferon.  Frequent 
liver  biopsies  are  being  c±>tained.  These  biopsies  are  being  tested  with 
peroxidase  labelled  anti-HBs  and  anti-HBc  in  an  attorpt  to  better  understand 
the  subcellular  changes  in  viral  replication  that  occur  vAien  interferon 
Llierapy  is  adiiiinisLeroci. 

E.  Tissue  Culture  -  Because  failure  to  isolate  the  hepatitis  viruses 
continues  to  be  a  major  ijTpediitvent  to  rapid  progress,  efforts  to  isolate 
the  virus  are  continuing.  Additional  studies  of  the  specificity  and 
sensitivity  of  modified  solid-phase  radioiimtunoassays  for  detecting  virus 
binding  sites  on  cell  surfaces  have  been  carried  out.  Ihese  techniques 
will  be  applied  to  studies  of  receptor  site  densities  on  the  surface  of 
various  tissue  culture  cell  lines.  A  contract  for  the  preparation  of 
diploid  hepatocytes  of  human  and  chirtpanzee  origin  has  been  awarded  and 

the  various  clones  derived  fran  these  cells  will  be  analyzed  for  suitability 
for  hepatitis  virus  isolation  studies. 

F.  Transmission  Studies  in  Non-human  Primates  -  Modes  of  transmission 
(other  than  via  blood  and  blood  products)  are  poorly  understood  but 
appear  to  include  transmission  via  intimate  personal  and  venereal  ccaitact 
and  via  infection  of  the  ne**)orn  by  its  infected  mother  (perinatal 
transmission) .  However,  it  is  not  clear  v*ether  such  transmissions 
involve  exchange  of  minute  quantities  of  infected  blood  or  vAiether  secretions 
and  excretions  themselves  are  infectious  for  hepatitis  B  virus.  In  an 
attcnpt  to  answer  this  question  chimpanzees  were  inoculated  with  HBs  Ag 
positive  saliva  or  semen  from  individuals  implicated  in  HBV  transmission 

vin  intimihf'/v(>norf>al  contact.  Both  saliva  and  semen  were  infectious  for 
chiirpanzees .  Neither  of  these  secretions  contained  detectable  blood,  but 
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the  inf activity  of  blcxDd  is  so  high  (10  -10  infectious  particles  per  ml) 

that  trace  contamination  with  blood  cannot  be  rtiled  out.  Hcwever,  the 

infectivity  of  these  secretions  strongly  suggests  that  transmission  via 

saliva  and  semen  probably  occurs  in  nature. 

3.  NCN-A  NON-B  HEPATITIS 

Serology  and  Epiiemiology 

Ihe  diagnosis  of  non-A  non-B  hepatitis  continues  to  be  one  of  exclusion, 
and  much  effort  is  being  expended  in  the  search  for  a  serologic  test  for 
this  disease  (or  diseases) .  Recently,  an  antigen  distinct  fran  hepatitis 
A  and  B  antigens  was  found  in  acute  phase  sera  of  two  patients  with  ncn-A 
non-B  hepatitis.  Studies  of  serial  serum  saitples  from  these  patients 
revealed  that  the  appearance  of  the  antigen  and  its  disappearance  was 
terporally  related  to  hepatitis  in  these  patients.  The  antigen  was 
detected  by  solid-phase  radioinmunoassay.  A  modification  of  the  test 
permitted  detection  of  antibody  to  the  antigen.  Neither  patient  exhibiting 
the  antigen  had  antibody  prior  to  exposure;  both  develc^aed  chronic  hepatitis 
and  neither  developed  antibody.  Uiirty-two  patients  with  non-A  non-B 
hepatitis  were  evaluated  for  antibody:  22  had  such  antibody  prior  to 
exposure,  and  none  developed  a  serologic  response.  Serial  sera  from  9  of 
the  10  seronegatives  were  available  for  testing.  CSHy  the  2  original 
antigen-positive  patients  had  detectable  antigen,  and  none  of  the  remaining 
patients  seroconverted .  Thus,  if  the  newly  detected  antigen  is,  indeed, 
specific  for  a  type  of  non-A  non-B  hepatitis,  other  serologically  unrelated 
agents  must  account  for  the  other  cases  of  non-A  non-B  disease. 

In  an  attempt  to  determine  vrfiether  the  antigen  may  be  related  to  a  non- 
specific host  response  to  hepatitis,  acute  phcise  sera  fran  patients  with 
type  A  or  type  B  hepatitis  were  screened  for  the  antigen.  Ncxie  of  the 
patients  had  detectable  antigen.  Antibody  tests  of  a  panel  of  human  sera 
indicated  that  the  antigens  found  in  the  two  non-A  non-B  h^>atitis  patients 
were  probably  identical.  Tests  of  a  number  of  human  sera  indicated  that 
the  antibody  was  prevalent  in  the  general  population  and  not  related  to 
infection  with  hepatitis  A  virus,  hepatitis  B  virus,  cytcnegalovinis  or, 
probably,  the  Lpstein-Barr  virus.  Examination  of  chinpanzee  sera  indicated 
that  infection  with  the  agent  was  also  prevalent  in  chimpanzee  colonies. 
Because  only  very  small  quantities  of  antigen  eure  available,  more  extensive 
serologic  testing  must  await  the  finding  of  new  sources  of  antigen. 

B.  Biophysical  Characterization  -  Ihe  non-A  non-B  antigen  was  subjected 
to  preliminary  biophysical  chctracterizatign.  It  was  found  to  band  in 
cesium  chloride  at  a  density  of  1.34  g/an  and  to  be  pelleted  by  high 
speed  centrifugation.  Thus,  the  antigen  is  associated  with  a  particle  with 
a  density  consistent  with  that  of  a  virus.  Attenpts  to  visualize  such  a 
particle  by  iimiune  electron  microscopy  have  so  fcir  been  unsuccessful, 
possibly  because  the  antigen  is  present  in  relatively  low  titer. 

Another  agent,  possibly  associated  with  non-A  non-B  h^)atitis  was  described 
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by  Deinhardt  seme  years  ago.  This  agent,  the  GB  agent,  was  originally 
thought  to  be  the  hepatitis  A  virus  but  subsequent  studies  revealed  it  to 
be  unrelated  to  human  type  A  hepatitis.  Controversy  as  to  its  origin 
remains:  it  nay  be  a  non-A  non-B  hepatitis  virus  or  it  may  be  a  latent 
marmoset  virus.  Serologic  tests  are  not  available  for  detedled 
characterization.  Vfe  found  a  35  nm  virus-like  peirticle  in  hcirogenates  of 
marmoset  livers  obtained  during  the  acute  phase  of  GB  agent  infection. 
These  particles  were  not  present  in  the  livers  of  normal  marmosets  or 
marmosets  infected  with  hepatitis  A  virus.  Ihe  relationship  of  this 
virus-like  particle  to  GB  hepatitis  cannot  be  established,  but  studies  are 
continuing  in  an  attertpt  to  develop  suitable  serologic  tests. 

C.  Transmission  to  non-human  primates  -  Attenpts  have  continued  to 
transmit  non-A  non-B  hepatitis  to  various  species  of  non-human  primates. 
To  date,  none  have  been  successful  with  the  possible  exception  of  the 
studies  with  cynamolgous  monkeys.  In  two  sepeirate  experiments,  animals 
inoculated  with  serum  from  patients  with  non-A  non-B  hepatitis  have 
developed  low  level  transaminase  elevations  that  have  been  so!nev\*iat 
cyclic  in  nature  and  that  have  persisted  for  as  long  as  18  months.  Pathologic 
lesions  in  the  liver  have  been  minimal  or  non-existent.  These  studies  are 
being  expanded  in  an  attenpt  to  clarify  the  question  of  transmission. 
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Project  Description 

Studies  on  spiroplasmas  of  the  suckling  mouse  cataract  agent  (SMCA)  and 
related  GT-48  strain,  reported  on  in  seme  detail  last  year,  have  continued. 
Our  characterization  of  these  agents  as  the  first  known  spiroplasna  with 
pathogenicity  for  vertebrates  has  opened  up  a  nuitiber  of  areas  for  continued 
study  (in  addition  to  the  experimental  infection  studies  in  primates 
mentional  in  t_he  last  annual  report) .  Current  vork  is  directed  to  three 
broad  £ureas  covering:  1)  the  biological  characterization  of  this  group  of 
agents  (which  includes  the  two  strains  previously  reported  on  and  two  other 
tick-derived  spiroplasmas  cultured  directly  en  artificial  medium) ,  2) 
various  factors  involved  in  pathogenicity  of  cultured  spiroplasmas 
(virulence  at  various  passage  levels,  strain  variations,  host  modification 
of  pathogenic  strains,  etc.) ,  and  3)  evaluation  of  the  most  effective  means 
of  establishing  the  diagnosis  of  acute  and  chronic  infections  (recovery  of 
agent  vs.  serological  procedures).  The  characterization  studies  on  this 
group  of  agents  hinges  on  serologic  distinctions  among  various  spiroplasmas 
and  on  the  results  of  a  series  of  ccnparisons  in  DNA-DNA  hybridization 
tests.  Because  of  various  difficulties  in  utilizing  conventional  ityooplasma 
serologic  tests  with  the  spiroplasmas,  we  have  explored  new  techniques  for 
serological  analysis  (see  below) .  Collaborative  efforts  in  hybridization 
tests  have  confirmed  that  SMCA  is  clearly  distinct  from  other  plant  and 
insect  spiroplasmas  most  widely  known  at  this  point  (Spiroplasma  citri,  the 
com  stunt  spiroplasma,  and  a  spiroplasma  from  cacti) .  Oompariscns  have  not 
been  made  with  twD  other  spiroplasmas  vAiich  have  been  grown  in  culture  (a 
honey  bee  spiroplasma  and  isolations  from  oriented,  grasses) ,  since  these 
have  not  been  relecised  publically.  In  regard  to  pathogenicity  of  SMCA  and 
GT-48  strains,  we  have  seen  no  change  in  virulence  of  cultured  organisjtis 
for  the  developing  chick  embryo.  In  fact,  organisms  at  the  20  to  30th 
passage  level  on  artificial  media  are  sli^tly  more  virulent  for  chick 
embryos  (ID_-  titers  of  7.8  to  8.5).  However,  SMCA  cultures  carried  beyond 
30  passages  on  media  have  shown  decline  in  vinolence,  as  measured  by  a 
lower  mortality  rate  and  a  decline  in  the  incidence  of  cataracts  in  suckling 
rats  following  intracerebral  challenge.  Since  virulence  tests  performed  in 
the  chick  embryo  with  high  passaged  SMCA  has  not  confirmed  this  change,  we 
believe  the  chick  embryo  test  is  less  suitable  to  measure  changes  in 
virulence  with  spiroplasmas.  Further  efforts  at  determining  other  susceptible 
hosts  are  underway,  including  those  that  might  develop  ocular  disease  or 
other  manifestations.  Cataract  induction  in  baby  rabbits  has  been 
acccnplished  at  the  Wistar  Institute  with  egg-passaged  SMCA,  and  additional 
collaborative  vork  is  in  progress  with  other  strains  of  spiroplasmas  in 
this  model.  Sonve  preliminary  results  on  direct  isolation  in  culture  of 
spiroplasmas  from  rabbit  ticks  in  collaborative  studies  at  Beltsville 
suggests  field  epidemiological  investigations  on  these  and  other  possible 
fectors  would  be  useful  (Clark,  Wistar  Institute;  Whitcomb,  USDA) . 

Oonventlonnl  iiiycx^pl/iHiin  h. >ic)lt>|i.cal  testa  appear  lens  suit.ibU^  for  use  witli 
Hpi  n)|ildafivis,  iiiclucliiuj  le.sts  tirployed  in  seroiotjic<il  cuialysis  o1  strains, 
species,  etc.  as  well  as  for  antibody  assay  or  seroepidemiological  wark. 
Conplement-f ixation  tests  performed  on  sera  fron  monkeys  with  experimental 
SMCA  infections  showed  a  very  rapid  decline  in  antibody  levels  following 
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challenge.  As  a  result  of  these  observations,  we  have  turned  to  the  use  of 
the  spiroplasma  "deformation  test"  for  antigenic  analysis  of  strains  and 
for  possibly  eventual  use  in  epidemiologic  surveys.  The  test  is  based  upon 
the  action  of  specific  antibody  in  altering  the  helical  morphology  of  a 
young,  log-phase  spiroplasma  culture.  Hyper iitmune  rahdait  seinjm  to  SMCA  or 
GT-48  strains  shows  "deformation  test"  (DT)  titers  of  1:2560  to  1:5120, 
with  little  cross  reactions  noted  (usually  at  titers  less  than  1:20)  with 
other  spiroplasmas .  The  DT  also  shows  clear  serological  separation  of 
other  api  ropJaimwiH.  Thcjre  is  need  for  scsne  additional  information  on  other 
parcimetera  of  tJio  teat  (effects  of  tennperature  of  incubation,  antigens 
grown  on  different  media,  effect  of  oonpleinent,  etc.)  most  of  vdiich  are  now 
in  progress.  (Williamson,  State  Univ.  of  N.Y. ;  Whitcomb,  USQA) . 

An  irrportant  observation  on  iirproved  culture  media  for  fastidious  iiiyccplasmas, 
particularly  Mycoplasma  pneumoniae,  has  res\ilted  from  our  work  on  spiroplasmas. 
The  medium  developed  for  cultivation  of  SMCA,  termed  SP-4,  was  found  to 
provide  si:5>erior  growth  conditions  for  several  aninal  iryooplaannas  (M^  alvi, 
of  bovine  origin,  and  M^  suipneumoniae  and  M^  floocrulare,  both  of  swine 
origin)  which  have  been  noted  for  their  poor  growth  on  most  conventional 
myooplasraa  media.  In  light  of  these  ctoservations,  we  felt  a  trial  on  the 
recovery  of  M^  pneumoniae  f rem  a  series  of  throat  washings  of  Marine  recruits 
who  participated  in  a  recent  field  trial  of  an  inactivated  M^  pneumoniae 
vaccine  would  be  useful.  The  washings  were  reported  as  negative  for  M. 
pneumoniae  in  the  usual  diphasic  (combined  agar  and  broth)  cultiare  procedure 
by  the  contract  investigators.  A  ccnparison  of  three  media  preparations 
(regular  rryooplasma  diphasic  medium,  SP-4  broth,  and  SP-4  diphasic  medium) 
was  performed  on  a  constant  volume  (0.1  ml)  of  each  of  50  throat  washings. 
The  results,  including  confirmation  of  all  M^  pneumoniae  isolates  by  a 
fluorescent  antibody  test,  indicatei  the  following  recovery  rates  for  this 
particular  mycoplasma:  regular  diphasic  medium,  2/50  positive;  SP-4  broth, 
18/50  positive;  and  SP4  diphasic  itedium,  24/50  positive.  Further  confirmation 
of  these  findings  on  other  so-called  "negative"  throat  washings  are  in 
progress.  A  repeat  of  these  observations  vrould  have  inportant  iiiplications 
on  the  epidemiology  and  laboratory  diagnosis  of  M^  pneumoniae  infections. 

We  have  also  continued  our  sero-epidemiological  studies  on  possible  association 
of  SMCA  spiroplasmas  with  human  disease  and  evaluation  of  human  contact 
with  these  agents.  The  value  of  the  CF  test  has  now  been  questioned  by  us 
as  to  whether  it  can  measure  adequately  current  or  previous  exposure  to 
spiroplasmas  (see  above) .  A  catparison  of  various  serological  procedures 
on  sera  from  experimentally-challenged  monkeys  (with  SMCA)  and  on  human 
sera  showing  a  four- fold  rise  to  SMCA  is  in  progress.  However,  prior  to 
these  more  recent  re-evaliaations  we  had  tested  a  nuirber  of  ui^jaired  sera 
from  cases  of  Lyme  arthritis  observed  at  Yale  University.  This  ^idemic 
form  of  arthritis  has  occurred  frequently  in  eastern  Connecticut  in  sunmer 
and  early  fall,  occairs  primarily  in  children,  and  is  characterized  by 
recurrent  attacks  erf  asynmetric  swelling  and  pain  in  a  few  large  joints, 
(>5irvx-inl  ly  th. ■  knrc-.     No  known  viral  or  bacterial  agent  has  been  associated 
with  the  clis>"a;;o  alLJiough  the  clinical  features  and  the  tight  geographical 
clustering  of  sparsely  settled,  heavily  vrooded  areas  and  seasonal  occurrence 


ZOl  00027-10  LID 

would  suggest  an  inTectious  agcant  transmitted  by  an  arthropod  vector. 
Serological  tests  performed  on  coded  specimens  and  controls  have  shewn  only 
one  individual  with  arthritis  who  possessed  a  moderate  CF  titer  to  SMCA 
antigen.  The  cibsence  of  pre-illness  or  acute  phase  sera  makes  further 
interpretation  irtpossible.  However,  further  tests  are  in  progress  on  the 
use  of  the  "deformation  test"  for  serological  analysis  and  on  direct  culture 
atteirpts  on  clinical  material  fron  these  patients.  (Steere,  Yale  Univ.) 

Collaborative  studies  on  the  occurrence  of  a  phosphoenolpyruvate-dependent 
sugar  trcinsport  system  (PTS)  in  several  mycoplasmas  (M^  suipneumoniae ,  M. 
flocculare)  and  spiroplasmas  (S^  citri,  St^iCA)   have  been  carried  out.  These 
studies  attenpted  to  settle  questions  raised  about  the  fermentative  capability 
of  these  specific  prokaryotes  through  techniques  more  adequate  than  observations 
on  indicator  changes  in  cultures  media.  Most  fermentative  species  in  the 
genus  Mycoplasma  have  been  shcMn.  to  have  PTS  and  a  cytoplasmic  hexokinase. 
All  acholeplasmas  examined  to  date,  v*iile  capable  of  metabolizing  glucose 
through  high  hexokinase  levels,  apparently  do  not  contain  PTS.  Ihus, 
carbohydrate  transfer  across  the  cell  membrane  occurs  by  facilitated  diffusion. 
Non-fermentative  rrycoplasmas  are  usually  devoid  of  PTS  and  may  vary  in 
their  retention  of  the  hexokinase  system.  The  findings  from  our  study 
clearly  shows  that  M^  suipneumoniae  and  M^  flocculare  are  non- fermentative 
mycoplasmas.  The  transport  system  (PTS)  was  absent  and  there  is  no  evidence 
of  glucose  utilization  or  uptake  with  radio- labeled  carbohydrate.  However, 
relatively  high  levels  of  hexokinase  were  noted  in  both  species.  This 
latter  finding  suggests  that  differences  in  cholesterol  requirements  or  the 
large  amount  of  cholesterol  synthesized  in  the  membrane  of  Mycopleisma 
species  altered  charbohydrate  diffusion,  since  the  acholeplasmas  have  the 
same  PTS-hexokinase  patterns  but  are  able  to  effect  carbohydrate  diffusion 
into  the  cell.  Spiroplasmas  examined  in  this  system  gave  evidence  of 
glucose  utilization  in  v*iole  cell  preparations  and  possessed  low  to  intermediate 
hexokinase  levels.  PTS  oonponents  were  absent  in  seme  of  the  spiorplasmas 

(SMCA),  but,  as  was  seen  with  acholeplasmas,  glucose  diffusion  occurred 
acicoss  the  cell  roanbrane  in  anounts  sufficient  to  shew  carbohydrate  utilization. 

(Cirillo,  State  Univ.  of  New  York) 
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Project  Etescription 

Cto jectives ;   (1)  lb  evaluate  teitperature-sensitive  mutants  and  recombinants 
of  influenza  A  virus  for  evidence  of  attenuation  and  antigenicity  in  volunteers; 
(2)  to  characterize  the  serum  and  local  respiratory  tract  anti-neuraminidase 
and  anti-hemagglutinin  antibody  responses  of  man  to  infection  with  wild 
type  or  attenuated  influenza  A  virus;  (3)  to  evaluate  the  infectivity  and 
attenuation  of  ts  mutants  of  M^  pneumoniae. 

Major  Findings 

(A)  Evaluation  of  the  ts-l[E]  recombinant  influenza  A  viruses  within  the 
H3N2  subtype 

Ihe  two  ts  lesions  present  in  the  HK/68-ts-l [E]  donor  virus  were  transferred 
to  the  A7vic/75  wild  type  vims  and  twD  clones  were  evaluated  in  volunteers. 
The  prototype  influenza  A  Vic/75  virus  possesses  a  neuraminidase  that 
represents  a  marked  antigenic  shift  from  the  neuraminidase  of  the  preceding 
A/Port  Chaljners/73  virus.  Thus  over  90%  of  adult  volunteers  v*io  had  serum 
HI  antibody  titers  of  <^1:8  to  A/Vic/75  virus  also  had  NI  antibody  titers  of 
<^1:4.  In  this  sit-uaticn  it  was  possible  to  evaluate  the  Vic/3/75-ts-l  [E] 
viruses  (38°C  shutoff  tenperature,  H3^cN2^c  recombinant  clones  81  and  113) 
in  adults  who  were  essentially  doubly  seronegative.  Approximately  27%  of 
the  Vic/75-ts-l(E]  vaccinees  who  received  10  '  TCIDcq  of  clone  81  developed 
illness;  12%  developed  fever  or  a  systemic  reaction  that  was  of  less  than 
24  hours  duration.  In  contraist,  Vic/75  wild  type  virus  caused  illness  in  8 
of  12  volunteers,  and  40%  had  fever  or  a  systemic  reaction.  The  other 
clone  of  Vic/75-ts-l[E]  (clone  113)  induced  a  systemic  reaction  in  1  of  12 
serum  HI  and  NI  negative  volunteers,  suggesting  that  it  vras  also  more 
reactogenic  than  the  ts-l[El  reconbincints  evaluated  in  volunteers  previously— 
Udom/72  ts-l[E]  and  Georgia/74  ts-l[E]. 

The  duration  and  magnitude  of  virus  shedding  by  Vic/75-ts-l  [E]  vaccinees 
was  intermediate  between  that  of  HK/6Q,   Udom/72,  and  Georgia/74-ts-l [E] 
vaccinees  and  volunteers  v*io  received  wild  type  virus.  Although  the 
Vic/75-ts-l  [E]  recombinants  were  attenuated  in  ccrpariscai  to  wild  type 
virus,  they  retained  sufficient  reactogenicity  to  preclude  their  use  in  a 
vaccine.  A  dose  response  evaluation  of  the  Vic/75-ts-l [E]  clone  81  virus 
was  performed  and  even  at  10  '  TCID^q,  85%  of  volunteers  were  infected. 
Significantly,  illness  was  not  observed  with  this  inoculum,  indicating  that 
reactogenicity  was  dose  dependent.  The  A/Vic/75-ts-l [E]  virus  provided  seme 
protection  against  homologous  wild  type  virus  challenge,  but  resistance  was 
not  complete.  Transmission  of  ts  virus  to  contacts  was  not  observed.  0^ 
248  isolates  that  were  examined  all  but  4  retained  the  ts  phenotype.  ts 
vinos  was  not  isolated  from  the  original  nasopharyngeal  wash  specimens  of 
these  volunteers  and  it  is  likely  that  the  reversion  to  the  ts  jAvenotype 
occurred  in  the  cultures  used  to  isolate  the  virus. 

The  failure  of  HV68,  Udom/72,  and  Georgia/74-ts-l [E]  vaccinees  to  develop 
systemic  reactions  most  likely  reflects  the  effect  of  pre-existing 
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neuraminidase  inmunity;  almost  eill  vaccinees  possessed  semm  NI  antibocty 
for  the  vaccine  virus  administered.  In  persons  with  sane  inntunity  to 
influenza  A  virus,  primarily  directed  against  the  neuraminidase  antigen, 
the  degree  of  defectiveness  specified  by  the  two  ts-l[E]  lesions  was  siofficient 
to  produce  a  satisfactorily  attenuated,  imonunizing  infection.  In  this 
situation,  attenuation  was  achieved  by  the  sum  of  toro  factors;  the  degree 
of  defectiveness  of  the  recotibinant  and  the  existence  of  neuraminidase 
inmunity  resulting  from  prior  infection (s) .  In  contrast,  most  serum  HI 
negative  vic/75  ts-l[E]  vaccinees  also  lacked  serum  NI  antibo^.  In  this 
circxjmstance  the  lack  of  nexaraminidcise  immunity  may  have  allowed  full 
expression  of  the  residual  vinalence  of  the  Vic/75  ts-l[E]  reccntoinant 
(clone  81).  However,  febrile  responses  were  seen  in  some  Vic/75-ts-l [E] 
clone  81  vaccinees  vA\o  were  seropositive  and  it  is  possible  that  the 
genetic  alteration  in  this  clone  that  led  to  increased  growth  at  37 "C  in 
ferret  tracheal  organ  cultures  might  have  been  responsible  for  scne  of  its 
increased  reactogenicity. 

Evaluation  of  Vic/75- 1A2  reectftoiBaat  viruses  - 

When  immunity  to  both  surface  antigens  is  lacking,  as  at  the  time  of  a 
pandemic  shift  or  as  occurs  in  infants,  only  the  degree  of  defectiveness  of 
the  vacciine  virus  determines  attenuation  and  in  this  situation  dafeotiveness 
must  be  greater  than  that  specified  by  the  ts-1 [E]  virus.  It  was  possible 
to  produce  a  recotibinant  with  a  set  of  ts  lesions  that  specified  a  greater 
degree  of  defectiveness  than  was  seen  with  the  ts-1 [E]  reocnfoinants .  This 
reconbinant,  designated  Vic/75-ts-lA2 ,  had  a  37  °C  shutoff  tereperature  and 
was  fron  100  to  1000  fold  more  restricted  in  efficiency  of  plaque  formation 
at  37 °C  than  the  Vic/75-ts-l [E]  virus.  The  Vic/7 5-ts-lA2  was  administered 
at  a  dose  of  10  *  TCID^q  to  13  seronegative  volunteers.  Illness  was  not 
observed;  there  was  no  evidence  of  mild  coryza  or  rhinitis.  Six  vaccinees 
shed  virus  for  a  much  shorter  duration  and  at  a  Ic^rer  titer  than  Vic/7 5-ts- 
1[E]  vaccinees  and  10  had  a  rise  in  serum  antibody.  These  preliminary  data 
indicate  that  this  virus  is  indeed  more  attenuated  than  the  Vic/75  ts-1  [E] 
recombinants . 

Eval\3ation  of  A/NJ/76-ts-l  [E]  (H  swine  Nl)  virus  in  adults 

'tlio  csnorqonce  of  tho  7V/NJ/8/76  (H  swine  Nl)  virus  as  a  human  strain  of 
influenza  A  provided  an  opportunity  to  evaluate  the  safety  and  antigenicity 
of  an  A/N J/7 6- ts-1 [El  virus  in  doubly  seronegative  adult  volunteers. 
Previous  evaluation  of  ts-l[E]  recanbinants  in  adults  was  limited  to  viruses 
within  the  H3N2  subtype  and  such  volunteers  had  previous  ejperience  with 
influenza  A  viruses  that  contained  immunologically  related  hemagglutinin 
and/or  neuraminidase  antigens.  The  NJ/76-ts-l [E]  vaccinees  were  selected 
for  their  young  age  and  for  the  absence  of  cross-reacting  HlNl  antibodies 
and  thus  they  represent  an  immunologically  inesqaerienced  popxilation  with 
respect  to  the  surface  antigens  of  the  influenza  A/NJ/76  virus.  The  NJ/76- 
ts-l[E]  virus,  that  had  a  38°C  shutoff  tenperature,  the  two  ts-1 [E] glgsions , 
and  the  Hswine  Nl  surface  antigens  was  administered  at  a  dose  of  10  * 
TCIDcQ  to  14  doubly-seronegative  volunteers.  Ten  individuals  shed  virus  in 

'.  1  "> 
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1  5 
lew  titer  (10  *  TCIDc-jVinl  of  nasopharyngeal  wash)  for  about  3  days.  IWo 

vaccinees  developed  a  mild  cold  and  another  experienced  a  mild  afebrile 

systemic  reaction  of  short  duration.  Only  1  vaccinae  devel<^)ed  a  rise  in 

serum  HI  antibody,  vrfiile  2  vaccinees  had  a  nasal  wash  neutralizing  antibody 

rise.  In  contrast ,  using  the  enzyme- linked  inrnunosorbent  assay  (EILISA) ,  11 

of  14  vaccinees  exhibited  a  rise  in  serum  antibody  and  8  of  14  had  a  rise 

in  nasal  wash  antibody.  These  observations  indicate  that  the  ELISA  teat  is 

more  sensitive  for  detection  of  an  iinnunological  response  to  the  A/NJ/76 

virus  than  the  conventional  HI  and  neutralization  tests.  The  absence  of 

febrile  illness  and  lew  peak  level  of  virus  shedding  indicated  that  the 

NJ/76-ts-l[E]  virus  was  semewhat  milder  than  one  would  have  expected  based 

on  the  Vic/75-ts-l[E]  experience.  The  reasons  for  this  difference  renain 

unknown  but  pr^ably  reflect  the  low  virulence  of  the  parental  VNJ/76 

virus. 

Evaluation  of  cold-adapted  influenza  A  viruses  in  adults 

8  5 
Adult^  seronegative  volunteers  were  administered  10  '  TdD,--  of  A/Scotland/74 

or  10  '  TCIDj.-  of  A/Vic/75  cold  adapted  recccnbinant  to  assess  the  level  of 

attenuation  and  cuitigenicity  of  these  candidate  live  influenza  A  virus 

vaccines.  The  Scotland/7 4-cold  reccmbinant  was  given  to  12  seronegative 

volunteers  and  4  developed  a  febrile  or  systemic  reaction.  Ecich  of  the  12 

persons  was  infected,  10  shed  virus  for  a  short  period  and  in  low  titer, 

and  every  volunteer  developed  a  serum  HI  antibocty  response.  TJiese  volunteers 

had  preexisting  NI  antibody  at  the  time  of  virus  ctdministratioi.  When  the 

Vic/75  cold  adapted  virus  was  administered  it  was  e:q)ected  that  a  significant 

proportion  would  develop  fever  because  these  volunteers  lacked  detectable 

serum  NI  antibo<^  and  the  virus  was  approximately  100  fold  less  restricted 

in  replicatiorj  at  38 °C  than  the  Scot/74  cold-adapted  virus.  Thirteen 

volunteers  received  the  Vic/75  cold  adapted  r^ccribinant,  bat  oily  1  developed 

a  mild  systemic  reaction  of  less  than  12  hours  duration.  TV»elve  of  the  13 

volunteers  were  infected,  6  shed  virus,  and  7  developed  a  serum  HI  antibody 

rise.  The  underlying  reasons  for  the  difference  in  reactogenicity  of  the 

two  cold  adapted  reccrtibinants  is  not  understood.  Whether  it  is  siitply  an 

effect  of  dose  administered  or  a  more  fundamental  genetic  difference  is 

under  investigation.  This  is  a  most  iitiportant  issue  since  it  conoems  the 

regularity  with  which  transfer  of  "cold  adapated"  genes  frcni  a  standard 

donor  to  a  new  wild  type  influenza  A  virus  yields  a  satisfactorily  attenuated 

"cold"  reccmbinant  possessing  wild  type  surface  antigens. 

Evaluation  of  the  cell-mediated  iinnune  response  to  wild  type  influenza  A  virus 

An  evaluation  of  the  cell-mediated  immune  response  to  wild  type  A/Vic/75 
virus  in  adult  volunteers  was  performed  in  collaboration  with  Dr.  Raphael 
Dolin,  NIAID,  LCI  and  the  results  eire  presented  in  his  annual  report. 
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PHS-NIH 
SUMMARY  REPORT 

ANNUAL  REPORT  OF  THE  LABORATORY  OF  VIRAL  DISEASES,  NIAID 
July  T,  1976  -  September  30,  1977 

Dr.  Wallace  P.  Rowe 
Chief,  Laboratory  of  Viral  Diseases 

The  major  scientific  accomplishment  of  LVD  in  the  past  year  was  the  discovery 
of  the  "MCF"  (mink  cell  focus-inducing)  murine  leukemia  viruses  (MuLV's). 
These  viruses,  described  in  more  detail  below,  are  genetic  recombinants  between 
endogenous  MuLV's  that  emerge  spontaneously  in  mice  with  high  expression  of 
ecotropic  (mouse-infections)  MuLV,  and  appear  to  be  directly  involved  in  the 
etiology  of  spontaneous  viral  leukemia  in  mice.  Their  discovery  has  led  to 
intensive,  and  successful  searches  for  similar  viruses  in  known  leukemogenic 
viruses,  such  as  Moloney,  Friend,  and  Kaplan  radiation  leukemia  viruses.  Since 
the  MCF  viruses  appear  to  be  recombinants  in  the  viral  gene  for  envelope  glyco- 
protein, this  discovery  has  also  led  to  much  interest  in  the  possible  role  of 
viral  glycoproteins  as  key  molecules  in  cell  transformation.  Another  important 
inference  from  these  viruses  arises  from  the  observation  that  each  MCF  is  a 
unique  recombinant,  involving  different  points  of  crossing  over  as  well  as 
having  multiple  crossing  overs.  This  indicates  that  an  astronomical  number  of 
distinct  MuLVs  can  be  generated  in  mice  carrying  genetically  stable  viral 
genomes  as  chromosomal  loci.  This  could  be  of  importance  in  evolution  of 
these  viruses,  in  generation  of  various  types  of  transforming  defective  and 
non-defective  viruses,  and  in  creating  diversity  of  cell  surface  glycoprotein 
display. 

Despite  the  short  interval  between  the  first  publication  on  MCF  viruses 
(January,  1977)  and  the  Cold  Spring  Harbor  meeting  on  RNA  tumor  viruses  (May, 
1977),  MCF  viruses  were  a  major  topic  of  discussion.  Indeed,  the  LVD  program 
was  paid  a  great  compliment  by  one  of  the  participants  who  said  that  the  meet- 
ing was  so  heavily  based  on  LVD  research,  on  MCF,  Fy-1 .  and  endogenous  viral 
genomes,  that  although  we  did  not  attend,  we  were  "like  the  ghost  at  the 
wedding" . 

Significant  findings  by  LVD  scientists  are  as  follows. 

Discovery  of  MCF  Murine  Leukemia  Viruses.  The  increased  expression  of  MuLV 
antigens  on  thymus  cells  of  preleukemic  AKR  mice  has  been  found  to  be  associat- 
ed with  emergence  of  a  new  class  of  MuLV.  This  new  class  causes  a  cytopathic- 
type  change  in  a  mink  cell  line,  and  has  envelope  properties  (host  range, 
interference,  and  neutralization)  of  both  ecotropic  and  xenotropic  MuLV's, 
suggesting  that  they  are  genetic  recombinants  between  the  two  classes  of 
endogenous  MuLV.  They  have  been  found  in  leukemic  or  preleukemic  tissues  of 
Akv-j  and  Aky-2  congenic  mice  and  other  high  ecotropic  virus  mouse  strains 
[Hartley,  Rowe). 

Recombinant  Nature  of  MCF  Viruses  Confirmed  by  Biochemical  Procedures.  Drs . 
Richard  Lerner  (Scripps),  and  Nancy  Hopkins  (MIT)  have  studied  a  number  of 
our  ecotropic,  xenotropic,  and  MCF  isolates  of  AKR  origin  by  glycoprotein  and 


RNA  fingerprint  techniques,  respectively;  their  studies  strongly  indicate  that 
the  MCF  viruses  are  heterogeneous  and  possess  determinants  derived  from  both 
ecotropic  and  xenotropic  viruses  (Hartley). 

MCF  Viruses  Found  to  be  Leukemogenic.  In  vivo  tests  of  AKR  isolates  of  MCF 
haveshown  that  some  are  highly  leukemogeni?  in  the  MuLV  AKR  acceleration 
assay;  that  is,  intrathymic  inoculation  into  suckling  or  weanling  AKR  mice 
markedly  accelerates  the  onset  of  thymic  lymphoma.  This  strongly  supports  the 
concept  that  they  play  a  key  role  in  spontaneous  viral  lymphomagenesis  (Rowe, 
Hartley,  Cloyd). 

Defective  Transforming  Viruses  Isolated  from  Mouse  Neoplasms .  MuLV  viral 
genomes  that  produce  focal  transformation  of  the  mink  lung  cell  line  have  been 
isolated  from  an  AKR  lymphoma  cell  line  and  from  a  spontaneous  reticulum  cell 
sarcoma  arising  in  an  Akv-2  congenic  Swiss  mouse.  The  AKR  isolate  gives  rise 
to  nonproducer  mink  cell  lines  from  which  the  genome  can  be  rescued  as  a 
pseudotype  (Staal,  Rowe). 

Congenic  Mouse  Strains  Developed.  Many  of  the  MuLV-related  genetic  loci  of 
the  mouse  are  being  bred  into  the  NFS  inbred  NIH  Swiss  mouse.  These  include 
Akv-1 ,  Akv-2,  Fgv-1 ,  Fgv-2,  two  ecotropic  virus-inducing  loci  from  C58,  and 
the  three  genes  of  the  (BlO.BRxA)  complementing  system,  tentatively  called  H^, 
B^,  and  N^.  The  Akv  congenics  have  proven  useful  for  showing  that  the  two  loci 
induce  viruses  that  give  identical  gp70  peptide  digest  fingerprints  (Dr.  Lerner, 
Scripps)  and  RNA  Tl  digest  fingerprints  (Dr.  Hopkins,  MIT)  and  for  showing 
that  the  MCF  viruses  do  not  arise  from  pre-existing  genetic  loci  but  must  be 
de  novo  recombinants  (Rowe). 

Complementing  Gene  System  for  Virus  Induction.  The  studies  of  Induction  of 
B-trop1c  MuLV  from  (BlO.BR/L1  x  A/J)  and  subsequent  hybrid  generations  have 
revealed  the  first  example  of  gene  complementation  in  the  Induction  of  MuLV. 
BIO. BR  carries  a  gene,  B,  which  Induces  B-tropIc  MuLV  on  lUdR  treatment.  This 
mouse  also  C9rr1es  a  gene  called  H,  and  A  strain  carries  a  gene  called  N, 
neither  of  which  gives  virus  on  lUdR  treatment.  However,  any  combination  of 
2  of  these  3  genes  gives  N-tropic  virus  (as  well  as  B-tropic  if  one  of  the  two 
is  B).  (:)  (Rowe). 

Mapping  of  Xenotropic  Virus-inducing  Loci.  The  loci  which  result  in  lUdR 

induction  of  xenotropic  MuLV  in  BALB/c  and  BIO.BR  have  been  found  to  be  on 
chromosome  1,  linked  to  the  Dip-1  isozyme.  However,  they  may  not  be  at  allelic 
sites  (Kozak,  Rowe). 

Mi'LV. Atf ^Pj:  Indicates  New  Interferon  Action.  Interferon  treatment  of  cells 
Infected' wTtFMuLV  marTecfly  decreases  virus  yield  but  has  no  marked  effect  on 
synthesis  of  viral  RNA,  protein,  or  glycoprotein,  or  on  cleavage  of  precurser 
proteins.  Rather,  it  affects  late  stages  of  budding  release.  This  may  indicate 
an  important  effect  of  interferon  on  cell  membrane  function.  (Pitha  [Johns 
Hopkins],  Staal,  Rowe). 

Amphotropic  Virus  Sequences  in  Mouse  DNA.  Although  the  amphotropic  class  of 
MuLV  has  never  been  isolated  from  any  mouse  other  than  certain  wild  mouse 
colonies  in  California,  the  entire  genome  is  present  in  cell  DNA  of  all  inbred 


mouse  strains  as  determined  by  nucleic  acid  hybridization  tests.  Further, 
half  of  the  amphotropic-specific  sequences  (those  not  shared  with  ecotropic 
or  xenotropic  MuLV's)  are  present  in  Moloney  and  Rauscher  viruses.  These 
sequences  may  represent  a  non-inducible  genome  that  can  nevertheless  contri- 
bute to  a  recombinational  oncogenic  variant.  (Chattopadhyay  [NCI],  Hartley, 
Rowe). 

Parvoviruses.  Continuing  studies  of  the  Detroit-5  AAV  carrier  cell  system 
have  shown  that  the  AAV  genome  is  integrated  into  the  host  cell  DNA  and  is 
indistinguishable  from  AAV  virion  derived  DNA  (Berns,  Hauseworth,  Roy,  Sears, 
Hoggan). 

Recent  results  also  suggest  that  excision  of  the  integrated  AAV  DNA  from  host 

cell  DNA  in  the  carrier  cells  is  a  rare  event  and  the  bulk  of  virus  produced 

during  helper  induction  results  from  multiple  cycles  of  replication  as  exo- 
genous virus  (Roy,  Thomas,  Hoggan). 

Rat  Virus  Variants.  Two  classes  of  virions  from  various  rat  virus  populations 
have  been  detected.  One  population  produces  large  plaques,  is  defective  and 
contains  an  antigen  that  cross  reacts  with  the  minute  virus  of  mice  (MVM). 
The  other  produces  small  plaques,  is  nondefective  and  can  help  the  defective 
large  plaque  virus.  It  does  not  contain  the  MVM  cross  reacting  antigen  and  is 
more  virulont  for  hamsters  than  large  plaque  virus  (Roy,  Sears,  Thomas,  Hoggan) 

Amebal  Virus  and  Virulence  in  E.  histolytica.  Virulence  studies  in  the  newborn 
hamster  liver  have  revealed  that  amebae  surviving  infection  with  viruses 
indigenous  to  E.   histolytica  may  be  increased,  decreased  or  essentially 
unchanged  in  virulence  relative  to  the  parental  strain.  No  patterns  have 
emerged  suggesting  that  their  virulence  is  related  to  that  of  the  amebal  strain 
serving  as  virus  donor.  The  results  suggest  an  amebal  selection  process 
rather  than  a  viral  conversion  of  amebal  virulence  analogous  to  some  phage- 
bacteria  systems  (Mattern,  LVD;  Keister  and  Diamond,  LPD). 

Development  of  a  Simple  In  Vitro  Test  for  Virulence  of  E.  histolytica.  A  new 
tissue  culture  assay  of  amebal  virulence  has  been  developed  which  is  capable 
of  distinguishing  strains  of  amebae  of  high  and  low  livar  virulence  within 
2-3  hours  (Mattern  and  Caspar,  LVD;  Keister,  LPD). 

Biochemical  Analysis  of  T-antigens  of  BK.  JC  and  SV40.  Immunologic  studies 
previously  carried  out  in  this  laboratory  and  elsewhere  have  shown  that  the 
primate  papovaviruses  share  related  structural  and  non-structural  antigens. 
Studies  on  the  T-antigens  of  BK  and  SV40  were  carried  out  in  collaboration  witf^ 
Dr.  Daniel  Simmons  and  Dr.  Malcolm  Martin,  LBV.  In  lytic  infection,  it  was 
shown  that  the  T-antigens  of  both  viruses  have  a  molecular  weight  of  97,000; 
in  transformed  cells,  the  BK  T-antigen  is  much  larger,  having  a  molecular 
weight  of  113,000  daltons.  The  T-antigens  of  both  viruses  were  labeled  with 
methionine, and  their  tryptic  peptides  analyzed.  Only  a  third  of  the  SV40  and 
BK  peptides  were  similar,  in  agreement  with  previous  findings  that  the  gene  A 
regionsof  the  2  viruses  which  code  for  T-antigens  do  not  have  extensive  regions 
of  shared  sequences  (Takemoto). 


Comparative  Studies  of  Mouse  Papovaviruses .  Unlike  the  primate  papovaviruses, 
the  2  mouse  papovaviruses,  K  virus  and  polyoma,  have  been  found  to  be  unrelated 
antigenically  and  biochemically.  Their  tumor  (T)  and  viral  (V)  antigens  do  not 
cross  react,  and  by  nucleic  acid  hybridization  methods,  no  cross  homology  was 
detected.  In  confirmation  of  a  previous  report  by  Shah,  et  al_. ,  we  have  shown 
that  antisere  prepared  against  SDS-disrupted  polyoma  or  K  virus  virions  react 
against  all  members  of  the  polyoma  subgroup.  (Takemoto). 

Response  of  Human  Cells  to  Polyoma  Virus.  A  large  number  of  human  cell  lines 
were  examined  for  their  response  to  polyoma  virus  infection.  Although  normal 
epithelial  cells  were  completely  resistant  to  polyoma  infection,  fibroblast 
cells  could  be  abortively  infected.  Most  cell  lines  became  negative  for  T- 
antigen  upon  passage  of  the  cells.  In  2  cell  lines,  however,  a  small  percentage 
of  the  cells  continued  to  be  positive  for  polyoma  T-antigen.  One  cell  line 
retained  positive  cells  throughout  Its  lifetime  without  cellular  transformation 
occurring.  In  the  other  line,  morphological  transformation  eventually  occurred, 
with  all  of  the  cells  containing  T-antigen.  This  is  the  first  time  that  the 
oncogenic  mouse  papovavirus,  polyoma,  has  been  demonstrated  to  have  transform- 
ing activity  in  human  cells.  (Takemoto). 

Interferon  Therapy  in  Primates.  Studies  with  the  interferon  Inducer  poly  ICLC 
have  continued.  Two  doses  of  the  drug  together  with  one  dose  of  rabies  vaccine 
protected  monkeys  against  challenge  with  street  rabies  virus.  Phase  I  (toxicity 
vs.  dose)  studies  in  man  have  been  completed.  Levels  of  serum  interferon  of 
10,000  units  per  ml.  have  been  Induced,  but  this  required  toxic  levels  of  the 
Inducer.  Lower  levels  of  drug,  capable  of  inducing  1000-3000  units/ml  of 
serum  interferon,  were  tolerated  by  cancer  patients. 

The  drug  has  been  shown  to  be  an  effective  adjuvant  for  the  production  of 
antibodies  when  used  in  connection  with  vaccines  against  Venezuelan  equine 
encephalitis,  Japanese  encephalitis  virus.  Swine  Influenza  virus  and  H. 
influenzae.  (Levy  and  Lvovsky). 

Relationship  of  Interferon  Inducers  and  Radiation  Protection.  We  have  found 
that  virtually  all  interferon  inducers  exert  protective  action  against  X- 
irradiation  in  mice.  Conversely,  most  standard  radioprotective  agents  act  as 
modest  Interferon  inducers.  The  biogenic  amines,  histamine  and  serotonin  have 
been  found  to  have  antiviral  activity  and  to  be  Interferon  Inducers.  (Levy) 

Growth  of  Entamoeba  histolytica  in  Embryonated  Hen's  Eggs  Genetically  Controlled. 
Strains  of  E.  histolytica  could  be  established  in  embryonated  hen's  eggs  but 
chicken  lines  vary  in  the  proportion  of  embryos  susceptible  to  the  amoeba 
trophozoites.  Evidence  was  obtained  that  there  is  probably  a  genetic  basis 
for  this  observed  heterogenicity.  (Jaouni). 
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Administrative,  Organization  and  Other  Changes 

Dr.  Lewis  has  moved  his  laboratory  from  Bldg.  7  to  the  Bidg.  5  suite  that  is 
to  provide  the  equivalent  of  P3  containment.  There  have  been  no  changes  in 
the  permanent  scientific  staff.  Dr.  Jon  Green  has  left,  and  Drs.  Hubert  Gerry, 
Christine  Kozak,  and  Miles  Cloyd  have  commenced  postdoctoral  work  as  staff 
associates  or  guest  workers. 

Dr.  Rowe  continues  to  be  heavily  involved  in  recombinant  DNA  activities,  such 
as  serving  on  the  NIH  Program  Advisory  Committee,  and  the  NIH  Executive  Com- 
mittee on  Recombinant  DNA,  on  the  steering  committee  for  the  Falmouth  workshop 
on  risk  assessment,  testifying  before  the  House  Subcommittee  on  Health  and 
the  Environment,  and  the  New  York  State  Attorney  General's  and  the  Frederick, 
Md.,  County  Commissioners  hearings  on  the  subject,  and  participating  in  the 
Martin-Rowe  polyoma  E.   coli  risk  assessment  program.  The  latter  is  still  not 
fully  underway  due  to  the  delays  in  attaining  the  high  technical  standards 
required  of  P4  containment,  and  because  of  an  injunctive  lawsuit  filed  against 
our  use  of  Fort  Detrick  facilities  until  the  Environmental  Impact  Statement  is 
finalized.  In  addition  to  the  polyoma  studies  we  are  planning  studies  of  the 
pathogenicity  for  mice  of  E.   col i  K12  carrying  random  inserts  of  DNA  from 
lower  eukaryotes. 
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Honors  and  Awards 
Wallace  P.   iRowe 

Virus  Cancer  Program  Award 

Participant  in  the  dedication  symposium  of  the  Basic  Cancer  Research 
Facility  at  Duke  University,  Durham,  North  Carolina,  September  24,  1976. 

Invited  speaker  at  Howard  University,  Washington,  D.C.,  March  7,  1977. 

Invited  speaker  at  Johns  Hopkins  School  of  Hygiene  and  Public  Health, 
Baltimore,  Maryland,  March  11,  1977, 

Invited  speaker  at  the  Veterans  Administration  Hospital,  West  Haven, 
Connecticut,  June  24,  1977. 

Invited  speaker  at  Cold  Spring  Harbor  Laboratory,  Cold  Spring  Harbor, 
New  York,  July  21,  1977. 

Invited  speaker  at  Cold  Spring  Harbor  Laboratory,  Cold  Spring  Harbor, 
New  York,  August  9,  1977. 

Invited  speaker  at  the  Milton  S,  Hershey  Medical  Center,  Hershey, 
Pennsylvania,  September  22,  1977. 

Invited  speaker  at  Goddard  Space  Flight  Center,  Greenbelt,  Maryland, 
September  23,  1977. 

Member  of  the  Scientific  Advisory  Board  of  the  Tufts  Cancer  Research 
Center. 

Janet  W.  Hartley 

NIH  Director's  Award 
Kenneth  K.  Takemoto 

Public  Health  Service  Meritorious  Service  Medal,  May,  1977. 
Hilton  E.  Levy 

Elected  to  Infectious  Disease  Society 

Invited  speaker  to  American  Chemical  Society  Annual  Meeting  in  New 
Orleans,  April ,  1977. 

Invited  speaker  at  the  Weizman  Institute  in  Israel 

Invited  speaker  at  the  Serum  Institute,  Zagreb,  Yugoslavia. 

Chairman  of  Session,  17th  ICAAC,  New  York 

Invited  to  serve  as  consultant  on  interferon.  World  Health  Organization 
Geneva. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Studies  designed  to  elucidate  the  mechanisms  in  parvovirus  infection  and  per- 
sistence and  their  possible  role  in  disease  have  been  initiated  using  both  j[n 
vjtro  and  jn  yjh/o  model  systems.  Antisera  against  3  nev^  parvovirus  isolates 
from  human  cells  as  well  as  2  laboratory  variants  o7  rat  virus  have  been  prepare 
and  characterTzed  for  our  comparative  studies.  The  two  laboratory  variants  hav 
been  shown  to  differ  in  their  ability  to  produce  disease  and  one  appears  to 
require  a  helper  function  from  the  other  in  order  to  replicate  in  cell  culture. 
The  defective  variant  appears  to  contain  genetic  information  from  minute  virus 
of  mice.  Studies  are  now  in  progress  to  characterize  the  IjNA  and  proteins  ot 
these  two  variants  and  relate  them  to  such  factors  as  virulence  and  host  respon 
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Purified  clones  of  adeno-associated  virus   have  been  produced  and  characterized 
by  comparing  them  to  wild  type  as  well   as  virus   isolated  from  cloned  carrier  celps, 
The  AAV  genome  in  the  carrier  cell   has  been  shown  to  be  integrated  into  the  host, 
cell    DNA.     The  possible  role  of  these  viruses  in  human  disease  is  still   being       j 
investigated.  L{25  I 
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Project  Description 

Although  the  first  small  DNA  containing  viruses,  now  known  to  belong  to  the 
family  Parvoviridae,  were  first  isolated  about  25  years  ago,  it  has  only  been 
during  the  past  5  to  10  years  that  these  viruses  have  been  recognized  as  a 
unique  group  with  distinct  properties.  It  has  also  only  been  during  recent 
years  that  the  majority  of  isolates  have  been  made. 

All  viruses  grouped  together  as  members  of  the  Parvoviridae  family,  are  small 
(18-27  nm  in  diameter)  isometric  agents,  containing  single  stranded  DNA  with 
a  molecular  weight  of  between  1.7  and  2x10"  Daltons.  They  are  resistant  to 
chemical  and  physical  agents  (contain  no  essential  lipids  and  can  withstand 
heating  at  56^C  for  30  minutes  or  more).  The  family  has  been  divided  into  3 
genera.  The  first,  parvovirus,  is  comprised  of  those  viruses  which  can  repli- 
cate independently  in  rapidly  dividing  host  cells.  There  are  now  at  least  12 
recognized  species  belonging  to  this  genus  and  they  have  been  isolated  from 
widely  divergent  phylogenetic  hosts.  These  include  rat  virus  (RV)  and  H-1  virus 
from  rats,  minute  virus  of  mice  (MVM)  bovine  parvovirus  (BPV,  formally  known 
as  HADEN  virus  before  it  was  recognized  as  a  member  of  the  parvoviridae) 
porcine  parvovirus  (PPV),  feline  panleukopenia  virus  (FPV,  also  known  as  mink 
enteritis  virus)  minute  virus  of  canines  (MVC)  and  goose  hepatitis  virus  (GHV). 
In  addition  there  have  been  a  number  of  parvovirus  or  parvovirus  candidates 
isolated  from  continuous  cell  lines,  such  as  the  TVX  and  LuIII  viruses  from 
tumor  lines  and  the  RT  virus  from  the  AT  rat  cell  line.  There  have  also  been 
3  virus  isolates  from  human  cell  lines  which  are  serologically  related  to  RV 
but  which  will  not  grow  in  rat  cells.  Two  of  these  viruses  were  found  as 
contaminants  of  human  cell  lines  during  investigations  of  hepatitis  A  and  are 
called  Kirk  agent  and  HS-3  virus.  The  third  agent  was  recently  isolated  from 
a  pool  of  adenovirus  type  12  which  had  been  grown  in  HepII  cells.  We  call  it 
PVR".  Additional  candidate  parvovirus  agents  also  include  the  Norwalk  agent 
of  acute  non-bacterial  gastroenteritis  and  Hepatitis  A  as  well  as  two  agents 
isolated  from  Aleutian  mink  disease. 

The  second  genus,  adeno-associated  virus  (AAV),  is  composed  of  viruses  that 
require  co-infection  with  adenovirus  for  measurable  replication.  There  are 
now  at  least  4  recognized  serological  types  of  AAV  that  infect  man  or  monkeys 
as  well  as  distinct  serological  types  from  bovine  canine  and  avian  species. 
In  addition  recent  studies  Indicate  that  feline  and  equine  species  may  also 
have  their  own  AAV's. 

The  third  genus  is  known  as  densovirus  after  the  prototype  densonucleosis 
virus  (DNV)  of  Qalleria  mellonella.  It  contains  two  viruses,  DNV  and  the 
junonia  virus  which  are  serologically  closely  related  but  possess  different 
host  specificity.  One  additional  candidate  virus  has  been  isolated  from 
Simulium  vittatum. 

Because  the  Parvoviridae  are  so  widely  distributed  in  nature,  they  can  fre- 
quently persist  in  nature  as  latent  infections  yet  cause  a  variety  of  differ- 
ent disease  syndromes,  and  are  so  small  having  one  of  the  smallest  thus 
simplest  of  DNA  genomes,  they  are  rapidly  becoming  widely  recognized  as  Ideal 
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models  for  studying  the  events  and  effects  of  virus  replication  at  both  the 
molecular  and  epidemiological  level. 

Of  great  interest  to  us  is  the  fact  that  even  though  parvoviruses  have  many 
common  biological  as  well  as  similar  physical-chemical  properties  thpy  may 
elicit  vastly  different  host  responses  even  within  the  same  species.  Of 
course  these  can  be  the  result  of  different  dose  responses,  age  of  host  and 
variable  genetic  resistance  factors.  In  addition  small,  almost  undetectable 
changes,  in  antigenic  properties  may  herald  changes  in  virulence,  host  response 
and  host  cell  specificity. 

Earlier  studies  have  shown  that  infection  with  either  AAV  or  parvovirus  species 
inhibits  tumor  induction  in  hamsters  by  adenoviruses.  Additional  studies  have 
shown  that  AAV  infection  can  reduce  the  number  of  tumors  produced  and  eliminate 
metastasis  in  hamsters  challenged  with  highly  malignant  hamster  cells  trans- 
formed in  vitro  with  herpes  simplex  virus.  Infection  of  newborn  hamsters 
with  certain  strains  of  H-1  or  RV  can  result  In  severe  runting  and  malformation 
with  persistence  of  the  virus  and  high  antibody  for  the  life  of  the  animal. 
These  carrier  animals  always  show  a  marked  reduction  in  the  number  of  spontaneous 
tumors.  In  marked  contrast  some  strains  of  MVM  and  RV  have  been  shown  to 
exhibit  a  strong  immunosuppressive  effect  when  carried  In  transplantable 
tumors. 

We  have  noted  that  two  RV  strains  (one  Isolated  as  an  Immunosuppressive  agent 
from  a  rat  tumor  and  the  other  the  common  308  laboratory  strain)  express  an 
antigen  common  to  MVM.  We  have  been  able  to  detect  this  antigen  with  hyper- 
Immune  guinea  pig  serum  using  hemagglutination  inhibition,  virus  neutraliza- 
tion, and  imiiune  electron  microscopy.  We  have  also  found  that  when  the  308 
strain  is  plagued,  two  sizes  of  plaques  are  produced.  The  larger  plaques 
(greater  than  5  mm)  express  the  MVM  antigen  while  smaller  plaques  do  not.  Of 
interest  is  the  finding  that  large  plaques  appear  to  be  defective  In  that 
replaquing  results  in  the  production  of  both  size  plaques  while  small  plaques 
always  breed  true  and  are  free  of  the  cross  reacting  antigen.  Antibody  directed 
against  purified  small  plaque  virus  eliminates  all  virus  growth  while  cross 
reacting  MVM  antisera  inhibit  only  large  plaque  production. 

Of  great  interest  is  the  finding  that  small  plaque  virus  is  much  more  virulent 
for  newborn  hamsters  than  large  plaque  virus.  Studies  are  currently  underway 
to  measure  the  effect  the  two  variant  populations  have  on  the  host  Immune 
response. 

Our  attempts  to  physically  separate  large  and  small  plaque  particles  In  a 
mixed  population  using  both  Isopycnic  and  rate  centrifugation  techniques  have 
not  been  successful.  We  are  now  attempting  to  use  affinity   chromatography 
with  the  various  sera  we  have  produced  to  achieve  such  a  separation.  We  will 
then  be  able  to  carry  out  competition  experiments  with  the  radloimmunopreci- 
tation  techniques. 

We  are  currenxly  investigating  the  DNA  from  the  two  plaque  variant  RV  strains 
as  well  as  MVM  by  producing  the  double  stranded  MVM  DNA  In  vitro  and  analyzing 
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1t  by  restriction  enzyme  analyses  and  heteroduplex  mapping.  We  are  also  pre- 
paring to  carry  out  fingerprint  analysis  of  the  polypeptides  produced  by  the 
two  virus  populations.  We  feel  that  such  studies  will  give  us  insight  into 
the  greatly  reduced  virulence  we  have  noted  for  the  large  plaque  virus  as 
well  as  a  clue  to  their  genesis.  We  will  also  continue  to  study  the  effects 
the  two  populations  have  on  immunosuppression  and  tumor  rejection. 

One  criticism  frequently  encountered  pertaining  to  the  study  of  the  adeno- 
associated  viruses  is  the  lack  of  an  adequate  cloning  procedure  for  the  pro- 
duction of  genetically  pure  virus  stocks.  We  have  developed  a  statistical 
procedure  for  cloning  AAV  in  microtiter  plates  and  produced  a  number  of  AAV-2 
clones.  These  clones  have  been  analysed  by  immunological  techniques,  virus 
production,  restriction  enzyme  analysis  and  heteroduplex  mapping.  They  appear 
indistinguishable  from  both  wild  type  virus  and  virus  from  cloned  AAV-2  carrier 
cells.  We  now  plan  to  clone  other  AAV  types. 

Our  model  AAV-carrier  Detroit  6  cell  system  continues  to  be  of  great  interest. 
We  have  now  been  able  to  show  that  the  AAV-2  DNA  is  integrated  in  the  host 
cell  genome.  Of  interest  also  is  the  fact  that  such  AAV-carrier  cells  can  be 
superinfected  with  heterologous  AAV  virus  in  the  presence  of  helper  and  such 
extrinsic  virus  has  a  marked  advantage  over  the  integrated  virus  in  the  cells. 
These  studies  indicate  that  even  though  eyery  cell  may  have  3-5  copies  of  the 
integrated  DNA,  excision  of  integrated  AAV  DNA  happens  only  rarely  in  the 
presence  of  helper  even  though  all  cells  are  capable  of  AAV  replication.  These 
results  and  our  earlier  findings  that  AAV  can  be  found  in  nature  to  persist 
in  humans  and  ether  primates  in  an  occult  state  (probably  in  the  form  of 
integrated  DNA)  continues  to  be  of  great  interest  to  our  program.  We  have 
also  become  interested  in  a  somewhat  analogous  system  involving  the  persistence 
of  certain  parvoviridae  from  the  genus  parvovirus  in  a  number  of  different 
continuous  cell  lines.  It  is  important  to  point  out  that  some  of  these  agents 
which  grow  very  poorly  can  be  induced  to  produce  from  10  to  1000  times  more 
virus  when  they  are  grown  in  cells  coinfected  with  adenovirus  helper. 

We  have  now  been  able  to  produce  good  yields  of  HS-3,  Kirk,  LuIII  and  PVR" 
viruses  in  a  special  strain  of  HepII  cells  provided  by  Dr.  H.  Baladi.  Further 
we  have  been  able  to  produce  good  hyperimmune  sera  in  guinea  pigs  using  highly 
purified  virus  from  these  preparations  and  develop  a  good  plaque  test  for  each. 
We  have  shown  that  the  HS-3.  Kirk  and  PVR"  viruses  share  some  antigens  with  RV 
but  are  indistinguishable  from  each  other.  We  plan  to  further  characterize 
these  agent?;  and  determine  their  relatedness  to  RV. 

In  collaboration  with  Berns  and  others,  sufficient  quantities  of  both  minus 
and  plus  AAV  strands  have  been  separated  for  infectivity  studies.  Using  a 
sensitive  transfection  technique  in  micro-tissue  culture  wells  combined  with  an 
amplification  step  we  have  preliminary  results  which  indicate  that  either 
strand  can  initiate  AAV  infection. 

Earlier  studies  by  us  and  others  found  that  all  parvoviruses  frequently 
exhibited  2  "full"  DNA  containing  virus  bands  when  centrifuged  to  equilibrium 
in  CsCl  gradients.  We  further  reported  that  for  AAV  the  virions  from  both 
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bands  contained  the  same  three  molecular  species  of  polypeptides  but  in  dif- 
ferent concentrations.  We  found  the  same  results  for  BPV(HADEN).  Recent 
work  shows  that,  particles  of  AAV  from  the  two  different  bands  exhibit 
different  immunological  specifity  which  can  be  demonstrated  using  immune 
electron  microscopy. 

We  have  reported  earlier  that  polypeptide  sera  from  any  AAV  serotype  could  be 
used  to  detect  heterologous  AAV  using  the  immunofluorescence  test  (FA).  We 
thus  had  a  universal  reagent  for  identifying  parvoviruses  belonging  to  the 
AAV  genus.  We  have  recently  tried  using  BPV  polypeptide  sera  against  various 
other  members  of  the  genus  parvovirus.  Unlike  the  AAV  polypeptide  sera  the 
PPV  polypeptide  sera  reacted  only  with  the  PBV  and  not  with  any  other  virus 
tested.  These  results  suggest  that  the  AAV  are  much  closer  related  to  each 
other  regardless  of  their  species  of  origin  than  the  various  species  of  agents 
belonging  to  the  parvovirus  genus.  A  possible  exception  may  be  the  rodent 
parvoviruses  which  do  share  some  antigenic  determinants  when  tested  by  FA. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  l< 

A  combination  of  virologic,  genetic  ,  and  biochemical  approaches  is  being  used  tc 
study  the  natural  history  of  murine  leukemia  virus  (MuLV)  infection.  Following 
the  plan  of  previous  genetic  studies,  which  delineated  two  virus-inducing  loci 
in  the  high  ecotropic  virus,  high  leukemia  AKR  strain  of  mice,  mouse  strains 
selected  for  interesting  biological  characteristics  (e.g.,  NZB,  a  high  producer 
of  xenotropic  virus;  BIO.BR/Li,  which  is  chemically  inducible  for  both  N-  and  B- 
tropic  ecotropic  virus;  RF/J  and  PL,  high  ecotropic  virus  strains)  are  being 
appropriately  mated  with  phenotypically  defined  mouse  strains  and  the  hybrids 
tested  for  MuLV  production  and/or  virus  inducible  by  lUDR  treatment.  The  several 
studies  underway  are  expected  to  answer  the  question  of  whether  a  single  gene 
region  can  code  for  more  than  one  virus  genotype,  may  permit  mapping  of  virus 
loci  in  additional  mouse  strains,  and  could  yield  information  about  the  relation 
of  xenotropic  virus  to  spontaneous  disease.  Nucleic  acid  hybridization  technique 
are  being  used  in  the  genetic  studies  and  to  characterize  a  variety  of  mouse 
strains  for  unique  and  common  viral  DNA  sequences.  Particular  emphasis  is  given 
to  studies  of  our  newly  described  MCF  (mink  cell  focus-inducing)  viruses,  which 
appear  to  be  Ie.u^k_em„oa-enic  recombinant  viruses. 
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Project  Description: 

Objectives:     To  utilize  sensitive  procedures  for  genome  detection  and  isola- 
tion and  quantitation  of  infectious  virus  in  studying  the  natural   history  of 
murine  leukemia  virus   (MuLV)   infection  and  its  relation  to  spontaneous  neo- 
plastic disease. 

Methods  Employed:     Tissue  culture  procedures,  using  plaque  and  transformation 
assays;   tests  for  antigen  induction  by  complement  fixation  and  fluorescent 
antibody  procedures;  reverse  transcriptase  assays.     Mouse  Inbreeding,   to 
select  for  specific  virus-Inducing  or  virus-related  genes.     Starch-gel   electro- 
phoresis for  assays  for  marker  Isoenzyme  loci.     Nucleic  acid  hybridization 
techniques. 

Major  Findings: 

Discovery  of  recombinant  viruses  associated  with  leukemia  In  high  leukemia 
incidence  mouse  strains.  Thymocytes  from  preleukemic  (6-month-old)  AKR  mice 
express  higher  levels  of  MuLV  related  antigens  than  thymocytes  from  young 
(2-month-old)  mice;  this  increase  is  not  detected  in  spleen  or  lymph  node 
(Kawashima  et  al^.).  We  have  found  that  this  increase,  while  not  accompanied 
by  significant  changes  in  ecotropic  virus  expression,  is  associated  with  a 
marked  increase  in  the  number  of  thymus  cells  producing  virus  registering  in 
assays  for  xenotrcpic  MuLV.  Further,  we  have  identified  a  new  class  of  MuLV 
with  properties  of  both  ecotropic  and  xenotropic  viruses  in  the  preleukemic 
thymus  cells  of  AKR  and  C58  mice,  In  spontaneous  AKR  leukemia,  and  in  spon- 
taneous thymic  and  non-thymic  lymphomas  of  NIH  Swiss  mice  congenic  for  genet- 
ically transmitted  ecotropic  virus-inducing  loci  from  AKR  (Akw-1  and  Akv-2), 
C58,  and  C3H/Fg.  Termed  MCF  (mink  cell  focus  Inducing)  viruses  because  they 
induce  focal  areas  of  morphologic  alteration  in  mink  lung  cell  cultures,  these 
viruses  are  XC  negative,  have  a  dual  host  range  (in  Fv-1"  mouse  cells  and  in 
certain  heterologous  species  cells  also  sensitive  to  xenotropic  MuLV),  are 
neutralized  by  both  ecotropic-  and  xenotropic-specific  antisera,  and  are 
interfered  with  by  both  ecotropic  and  xenotropic  MuLV.  Isolation  of  MCF 
viruses  has  clearly  been  temporally  associated  with  spontaneous  lymphoma,  and 
leukemogenlc  activity  has  now  been  danonstrated  for  certain  of  the  isolates  from 
AKR  mice;    3  have  been  shown  to  be  active  in  acceleration  of  thymic  lymphoma 
in  AKR  mice. 

Their  biological  properties  strongly  suggest  that  the  MCF  viruses  are  recom- 
binants between  ecotropic  and  xenotropic  MuLV's  and  this  interpretation  has 
been  confirmed  by  biochemical  comparisons  of  the  viral  proteins,  carried  out 
in  collaboration  with  J.  Elder  and  R.  Lerner.  Tryptic  digest  analyses  of  the 
gp70's  (envelope  glycoproteins)  Isolated  from  4  cloned  MCF  strains  and  from 
the  putative  parental  viruses  revealed  peptide  spots  in  MCF  viruses  that  are 
clearly  identifiable  as  derived  from  AKR  ecotropic  virus  and  others  from 
viruses  of  the  xenotropic  class;  the  patterns  were  not  those  expected  from 
mixed  virus  populations  but  were  consistent  with  those  which  would  result  from 
recombination  in  the  envelope  region  of  the  viral  genome.  MCF  isolates  from 
AKR  and  from  NIH  Swiss  mice  congenic  for  Akv-1  and  Akv-2  were  studied,  and 
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although  their  tryptic  digest  patterns  had  strong  similarities,  no  two  were 
identical.  Heterogeneity  between  recombinant  virus  isolates  has  also  been 
suggested  by  differences  in  certain  biological  properties. 

Isolation  of  dual  tropic  MuLV  populations.  In  addition  to  the  MCF  strains 
described  above,  other  dual  tropic  MuLV's,  presumably  recombinant  in  origin, 
have  been  cloned  from  cells  co-infected  with  ecotropic  Moloney  virus  and  NZB 
xenotropic  virus,  and  from  long  mouse  passaged  stocks  of  Friend  and  Moloney 
MuLV's.  In  contrast  to  the  MCF's,  these  viruses  have  retained  the  ability  to 
induce  XC  plaques  in  both  mouse  and  heterologous;  species  cells. 

( 
Isolation  of  mink  cell  transforming  viruses.  Two  Isolates  of  MuLV  have  been 
obtained  which  induce  a  morphological  transformation  In  the  mink  lung  cell 
line,  one  from  an  AKR  lymphoma  (AKT8)  and  one  from  an  Akv-2  NIH  Swiss  reticulum 
cell  sarcoma.  In  contrast  to  mink  cells  showing  MCF  virus-Induced  changes, 
cells  transformed  by  these  isolates  grow  progressively  In  soft  agar.  Of 
particular  interest  is  the  establishment  of  a  transformed  but  virus  negative 
clone  from  mink  cells  infected  with  the  AKT8  isolate.  Mink  lung  cell  trans- 
forming virus  can  be  rescued  from  these  non-producer  cells  by  infection  with 
amphotropic  or  xenotropic  helper  virus,  but  as  yet  no  clear  biological  effect 
on  mouse  cells  or  in  mice  has  been  detected. 

Analysis  of  MuLV's  by  nucleic  acid  hybridization.  Hybridization  studies  using 
a  -^H-DNA  probe  synthesized  from  viral  RNA  of  a  wild  mouse  amphotropic  strain 
of  MuLV  revealed  that  20%  of  the  amphotropic  viral  genome  sequences  are  not 
shared  by  AKR-type  ecotropic  viruses  or  by  xenotropic  viruses,  including  one 
isolated  from  wild  mice.  A  subset  of  the  amphotropic  unique  sequences  Is 
found  in  the  genome  of  ecotropic  viruses  isolated  from  wild  mice,  and, 
surprisingly,  in  Moloney  and  Rauscher  MuLV's. 

Comparison  of  three  different  xenotropic  viruses,  from  NZB,  BALB/c,  and  wild 
mice,  indicates  that  these  viruses  are  only  about  50%  related  by  sequence 
homology. 

Sequences  homologous  to  the  entire  genome  of  the  1504-A  strain  of  amphotropic 
virus  were  found  to  be  present  in  the  cellular  DNA  of  all  inbred  mouse  strains 
tested  to  date,  and  in  wild  mice  trapped  in  Asia;  2  to  7  complete  viral  genomes 
were  detected  per  haploid  cell  genome,  even  In  mouse  strains  such  as  NIH  Swiss, 
NZB,  C57L  and  129  in  which  the  complete  AKR  ecotropic  virus  genome  is  not 
present.  In  contrast  to  the  AKR-type  ecotropic  system,  there  is  no  apparent 
correlation  between  presence  of  the  complete  set  of  viral  sequences  and  ability 
of  the  cells  to  produce  amphotropic  virus,  in  that  this  virus  has  never  been 
recovered  from  laboratory  mice. 

Genetics  of  MuLV  induction  in  BIO.BR/Li  mice.  BIO.BR/Li  mice  have  been  shown 
previously  to  be  an  Fv-1^  strain  which  is  inducible  for  both  N  and  B-tropic 
ecotropic  and  for  xenotropic  MuLV's.  Long-term  studies  in  which  hybrids  of 
BIO.BR/Li  with  A/J  strain  (Fv-l^,  non-inducibl e)  or  NFS  (inbred  NIH  Swiss, 
Fv-1",  non-inducible)  were  tested  for  inducibility  of  MuLV  (by  lUDR  treatment 
of  individual  tail  tissue  cultures  and  identification  of  the  induced  viruses 
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as  to  N-  or  B-tropism)   have  revealed  a  complex  situation   in  which  complementa- 
tion of  genes  for  induction  of  virus  can  be  clearly  identified.     In  this 
system,  mice  inducible  for  N-tropic  virus  carry  genetic  information  for 
induction  of  N-tropic  virus  but  also  require  either  the  complementing  action 
of  B-tropic  virus-inducing  gene  or  a  "helper"  gene  function.     Thus,  of  mice 
carrying  only  one  type  of  virus-Inducing  gene,  only  those  carrying  the  "B" 
gene  would  be  inducible  (for  B-tropic  virus);  "B"  mice  carrying  as  well   either 
the  N  tropic  or  helper  genes  would  be  inducible  for  both  viruses. 

Mapping  of  chromosomal   loci  for  MuLV  associated  genes  from  BIO.BR/Li.     Pri- 
marlly  by  use  of  typing  for  segregating   Isoenzyme  markers,   the  mouse  chromo- 
somes containing  the  genetic  information  of  3  MuLV-controlling  genes  in 
BIO.BR/Li  mice  have  been  identified,  and  the  loci   tentatively  mapped.     The  B- 
tropic  virus  inducing  gene  has  been  located  on  chromosome  11,   by  linkage  with 
the  Esterase-3   (Es-3)   isozyme;   the  "helper"   function-inducing  gene  is  on 
chromosome  8,   linked  to  Esterase-1    (Es-1 )   isozyme.     The  third  mapped  gene  is 
that  for  induction  of  xenotropic  virus,  which  for  BIO.BR/Li   has  been  located 
on  chromosome  1,  approximately  20  map  units  from  the  Dipeptidase-1   (Dip-1 ) 
isozyme.     Genes  for  xenotropic  virus   induction  have  also  been  located  on 
chromosome  1   in  BALB/c  and  C57B1/10  mice  although  it  Is  not  yet  clear  whether 
they  are  allelic  to  the  BIO. BR  gene.     In  addition,  chromosome  1   appears  to  be 
the  location  of  a  gene  controlling  expression  of  a  xenotropic  MuLV-associated 
cell   surface  antigen,  XenCSA,  in  DBA/2xC57L  hybrids  (collaborative  studies 
with  H.  Morse,  T.  Chused,  B.  Taylor). 

Genetics  of  transmission  of  NZB  xenotropic  virus  and  appearance  of  xenotropic 
virus-related  cell   surface  antigens.     In  a  collaborative  study  with  H.   Morse 
and  T.  Chused  we  have  provided  the  virological  monitoring  of  several   hybrid 
mouse  lines  in  which  NZB  mice  (high  spontaneous  xenotropic  virus  producer) 
have  been  mated  and  backcrossed  to  NFS  (Inbred  NIH  Swiss,  xenotropic  virus 
undetectable).     The  inheritance  of  XenCSA  has  been  found  to  be  highly  complex 
and  interpretation  is  not  clear.     However,   it  Is  apparent  that  at  least  two 
independently  segregating  loci  control   expression  of  Infectious  xenotropic 
virus  and  that  two  types  of  virus  can  be  detected;  one  Is  produced  by  a  large 
number  of  spleen  cells  and  is  readily  detectable  by  infectious  center  plating 
on  mink  S+L-  cells;   the  second  is  detected  in  a  much  smaller  number  of  cells 
(100- fold  fewer  or  less)  and  its  detection  requires  fluorescent  antibody 
testing  of  mink  lung  cells  overlaid  with  spleen  cells  and  blind  passaged. 

Effect  of  Interferon  on  MuLV  replication.     More  detailed  studies  of  the 
suppression  of  MuLV  replication  by  interferon  indicate  that  decreased  virus 
yields  are  not  due  to  decreased  synthesis  of  viral   RNA,  proteins,  or  glyco- 
proteins but  rather  that  it  is  the  late  stages  of  virus  budding  and  release 
that  are  affected. 

Significance  to  Biomedical   Research  and  the  Program  of  the  Institute: 

The  discovery  of  naturally  occurring  recombinant  viruses  associated  with 
spontaneous  lymphoma  in  mouse  strains  with  high  expression  of  ecotropic  MuLV 
supplies  a  fresh  focus  for  research  on  the  role  of  MuLV's  in  the  etiology  of 
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spontaneous  viral  leukemia  in  mice.  These  viruses  provide  new  opportunities 
for  multidisciplinary  approaches  to  determining  the  mechanism  of  viral  leukemo- 
genesis,  establishing  the  structures  of  MuLV  genomes,  and  examining  viral 
factors  which  influence  the  immunology  of  mouse  tumors. 

Proposed  course:  The  general  course  of  the  research  program  will  be  a  con- 
tinuation  of  the  areas  of  emphasis  described  above,  with  particular  stress  on 
broadening  the  study  of  the  leukemogenic  activity  of  MCF-type  viruses.  Char- 
acterization of  the  biological  and  biochemical  heterogeneity  of  recombinant 
virus  isolates  will  also  be  emphasized.  Nucleic  acid  hybridization  studies 
will  be  aimed  at  deriving  type-specific  DNA  probes  for  more  precise  study  of 
the  relationships  between  and  within  different  MuLV  groups,  and  in  comparing 
mouse  strains  with  differing  expressions  of  MuLV  genetic  information.  Congenic 
mice  will  continue  to  be  used  extensively  in  studies  of  the  genetics  of  virus 
transmission  and  identification  of  sites  of  virus  integration  or  control  of 
virus  expression. 
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Project  Description 

Major  Findings  -  Studies  of  nondefective  adenovirus  -  SV40  hybrid  viruses: 
During  the  past  year  studies  on  the  ability  of  certain  nondefective  adeno- 
virus  2-SV40  hybrids  to  induce  tumors  in  hamsters  have  been  completed.  In  the 
first  series  of  experiments  which  were  carried  out  before  1972  none  of  the 
hamsters  injected  as  newborns  with  infectious  Ad2,  Ad2+ND-i ,  Ad2'*"ND2,  Ad2'*"ND4, 
Ad2''"ND5  developed  tumors  during  observation  periods  ranging  from  199  to  643 
days.  In  the  second  series  of  experiments,  hamsters  were  injected  as  newborns 
with  Ad2,  Ad2"*"ND2,  Ad2'''ND4  or  B55  which  had  been  inactivated  by  exposure  to 
ultraviolet  light.  In  these  experiments,  5  to  15  percent  of  hamsters  infected 
with  the  MZ^UDa   or  B55  hybrids  developed  tumors  at  the  injection  site.  These 
tumors  contalnea  both  Ad2  and  SV40  T-antigens.  Hlstopathologlcally  they 
appeared  to  be  either  SV40-type  fibrosarcomas,  small  cell  undifferentiated  Ad 
type  tumors,  or  a  mixture  of  these  2  patterns.  One  tumor  developed  In  an 
animal  injected  with  inactivated  Ad2  and  2  tumors  developed  in  animals  injected 
with  inactivated  Ad2"*'ND2.  Neither  of  these  tumors  occurred  at  the  injection 
site  and  each  was  a  hlstopathologlcally  distinct  entity  that  did  not  resemble 
known  viral  induced  tumors.  Two  of  these  three  tumors  did  not  contain  viral 
specific  antigens  or  viral  specific  DNA.  Thus  we  conclude  that  these  three 
tumors  were  spontaneous  neoplasms  that  were  not  Induced  by  the  inactivated 
virus.  These  studies  demonstrate  that  the  region  of  the  SV40  genome  lying 
between  the  end  of  the  SV40  DNA  segment  in  the  Ad2''"ND2  hybrid  at  SV40  map 
position  0.43  and  the  end  of  the  SV40  DNA  segment  in  the  Ad2'*"ND4  hybrid  at 
SV40  map  position  0.59  is  essential  for  the  Induction  of  tumors  in  animals. 

Transcription  of  integrated  viral  DNA  in  hamster  cells  transformed  by  Ad2  and 
certain  nondefective  Ad2-SV40  hybrids:  To  determine  how  the  viral  genome  in- 
fluencGS  biochemical  processes  in  transformed  colls,  we  have  begun  to  compare  the 
spectrum  of  virus-specific  RNA  sequences  in  Ad2  transformed  hamster  cells  with 
those  in  Ad2-SV40  hybrid  transformed  cells.  An  initial  study  by  Breeden  et  al^. 
showed  that  RNA  from  hamster  kidney  cells  transformed  by  the  Ad2''"ND2  hybrid 
contained  more  viral  specific  RNA  transcribed  from  the  heavy  (H)  strand  of  Ad2 
DNA  than  was  present  in  RNA  transcribed  in  cells  transformed  by  Ad2.  Prelimi- 
nary studies  of  lines  of  hamster  embryo  cells  transformed  by  Ad2  and  Ad2"'"N04 
support  these  conclusions.  These  findings  show  that  the  excessive  H  strand 
RNA  transcripts  appear  to  be  confined  to  nuclear  RNA.  These  data  Imply  that 
the  RNA  that  accumulates  in  the  cytoplasm  of  cells  transformed  by  Ad2,  and 
Ad2"*'ND4  is  derived  by  processing  from  more  extensive  transcripts  In  the  nucleus 
and  that  the  cytoplasmic  RNA  may  be  comprised  only  of  transcripts  of  the  early 
viral  templates.  The  data  further  suggest  that  promoters  differing  from  those 
that  regulate  transcription  of  RNA  in  Ad2  transformed  cells  are  operative  in 
cells  transformed  by  certain  Ad2-SV40  hybrids. 

Tumor  induction  by  Ad2  transformed  hamster  cells:  Last  year  we  described  a 
number  of  lines  of  clonally  derived  Ad2  transformed  hamster  embryo  cells  that 
would  induce  tumors  when  injected  into  newborn  hamsters.  Neoplasms  induced 
by  2  of  these  lines  could  be  successfully  transplanted  into  21  day  old  hamsters; 
while  neoplasms  induced  by  the  other  lines  could  not  be  successfully  trans- 
planted into  these  older  animals.  The  tumors  induced  by  a  majority  of  the 
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cell  lines  either  failed  to  produce  tumors  when  transplanted  to  older  animals 
or  Induced  neoplasms  10-15  mm  In  diameter  that  regressed.  Initial  studies 
of  newborn  tumors  Induced  by  several  of  these  lines  showed  that  variation  In 
the  tumor  producing  dose  injected,  the  routes  of  inoculation,  or  inoculation 
schedules  did  not  render  these  tumor  lines  capable  of  Inducing  progressively- 
growing  fatal  neoplasms  In  21  day  old  hamsters.  Two  of  these  lines  would 
produce  tumors  In  3-4  week  old  hamsters  that  had  been  thymectomlzed  as  new- 
borns. Further  studies  of  these  tumor  lines  show  that  one  line  could  be 
adapted  to  grow  in  weanling  animals  after  14  to  18  passages  in  sucklings  or 
by  intraperitoneal  inoculation  of  older  animals.  Another  line  however  failed 
to  produce  progressively  growing  tumors  in  older  hamsters  by  either  subcutane- 
ous or  intraperitoneal  injection  after  more  than  40  passages  in  suckling 
hamsters. 

Studies  of  the  transformed  cell  lines  inducing  the  neoplasms  did  not  demon- 
strate any  contaminating  agents;  no  differences  in  growth  rates  were  noted 
which  could  explain  the  failure  of  certain  lines  to  establish  neoplasms  in 
older  animal s. 

Effects  of  neonatal  thymectomy  on  the  transplantabil ity  of  Ad2  transformed 
cell  induced  tumors:  The  tumor  lines  of  Ad2  transformed  hamster  cells  which 
will  not  grow  in  weanling  hamsters  will  cause  progressively  enlarging  tumors 
in  weanlings  which  have  been  thymectomlzed  as  newborns,  suggesting  the 
importance  of  the  thymus-derived  peripheral  "T"  lymphocyte  in  the  tumor  rejec- 
tion process.  Since  there  was  variability  in  the  susceptibility  of  thymec- 
tomlzed hamsters  to  challenge  with  the  "regressor"  lines,  it  was  suspected 
that  some  of  the  thymectomies  had  been  incomplete.  However,  the  presence  of 
a  thymic  remnant  in  mediastinal  sections  did  not  always  correlate  with  the 
ability  to  reject  transplants  of  "regressor"  tumors.  To  evaluate  the  functional 
capability  of  peripheral  T  cells  in  previously  thymectomlzed  hamsters,  the 
lectin  concanavalin  A  (Con  A),  which  selectively  stimulates  blast  transforma- 
tion of  T  lymphocytes,  has  been  used  under  optimum  whole  blood  culture  condi- 
tions. Prospective  studies  in  which  thymectomlzed  hamsters  were  serially 
tested  for  in  vitro  response  to  Con  A  showed  that  there  Is  a  direct  relation 
between  the  degree  to  which  T  cell  function  returns  toward  normal  prior  to 
challenge  with  a  "regressor"  line  and  the  ability  to  reject  the  tumor  trans- 
plant. 

To  further  confirm  the  importance  of  the  cellular  immune  system  in  rejecting 
these  tumor  lines,  immune  lymphoid  cells  have  been  transferred  to  susceptible 
newborn  hamsters  to  induce  resistance  to  tumor  transplantation.  Preliminary 
attempts  have  been  successful . 

Ad2  transplantation  antigen:  One  possible  explanation  for  the  difference  in 
oncogenic  potential  of  newborn  tumor  lines  when  inoculated  into  weanlings  is 
that  the  rejected  tumor  lines  are  highly  immunogenic,  i.e.,  possesses  large 
amounts  of  surface  transplantation  antigen,  while  the  line  which  can  be  suc- 
cessfully transplanted  is  nonimmunogenic  or  weakly  immunogenic  and  therefore 
inefficiently  rejected.  Over  the  past  year,  bioassays  for  Ad2  transplanta- 
tion antigen  have  been  developed.  A  tumor  line  which  causes  progressively 
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enlarging  tumors  when  transplanted  to  weanlings  has  been  used  to  challenge 
previously  Immunized  hamsters  to  compare  the  Immunogenlclty  of  the  "regressor" 
and  "progressor"  tumor  lines  and  of  the  Ad2  transformed  cell  lines  which 
Induced  them.  It  has  been  shown  that  a  common  vlrus-spedflc  transplantation 
antigen  Is  detectable  In  all  of  these  lines  whether  they  are  of  the  "regressor" 
or  "progressor"  phenotype,  thereby  excluding  the  possibility  that  the  "progressor" 
line  Is  transplantable  because  It  Is  nonlmmunogenlc.  The  more  likely  possibility 
that  all  the  transformed  cells  and  tumor  lines  possess  virus  specific  trans- 
plantation antigen  but  in  different  quantities  is  being  studied  by  titrating 
the  Immunizing  material  In  animals  which  are  subsequently  challenged  with  serial 
dilutions  of  tumor  suspension. 

Since  all  previous  studies  had  been  done  with  a  single  "progressor"  challenge 
tumor  line,  only  the  transplantation  antigens  it  expresses  would  have  been 
detected.  A  tumor  line  has  been  established  from  a  "regressor"  tumor  which 
was  successfully  transplanted  to  hamsters  thymectomi zed  as  newborns.  This 
line  and  the  original  challenge  line  will  be  used  in  comparative  titrations 
in  immunized  hamsters  to  attempt  to  detect  the  presence  of  additional  trans- 
plantation antigens  in  the  "regressor"  lines  as  a  possible  explanation  for 
their  failure  to  grow  in  immunocompetent  hamsters. 

Maturation  of  the  cellular  Immune  system  of  the  hamster:  While  Ad2  transformed 
cells  consistently  produce  serially  transplantable  tumors  in  newborn  hamsters, 
most  of  these  lines  cannot  be  transplanted  to  weanling  hamsters.  Further 
studies  with  different  aged  hamsters  have  confirmed  the  finding  that  the 
ability  to  reject  tumor  challenge  is  age  dependent.  Since  an  effort  is  being 
made  to  define  differences  in  clonally  derived  Ad2  transformed  cell  lines,  it 
win  be  necessary  to  understand  the  host  Immune  mechanisms  by  which  these 
tumor  lines  are  rejected  In  order  to  interrelate  in  vitro  data  on  the  trans- 
formed cells  with  the  biological  behavior  of  the  tumors  they  induce. 

Con  A  stimulation  of  both  whole  blood  and  spleen  cell  cultures  has  been  used 
as  an  indicator  of  the  level  of  T  cell  function  in  different  aged  suckling 
hamsters.  It  has  been  shown  that  normal  response  to  Con  A  does  not  occur  until 
LSH  hamsters  reach  the  fourth  week  of  life.  This  correlates  the  age  of  the 
hamster's  peak  physiological  growth  and  the  time  at  which  lymph  nodes  appear 
histologically  mature.  Since  little  data  Is  available  on  the  maturation  of 
the  hamster's  cellular  immune  system,  studies  are  being  initiated  to  define 
other  parameters  of  cell  mediated  immunity  during  the  first  few  weeks  of  life. 

Significance  to  Biomedical  Research  and  Proposed  Course  of  the  Project 

Studies  of  inactivated  nondefective  hybrids  show  that  the  oncogenicity  of  SV40 
can  be  transferred  to  nononcogenic  AdZ  by  introducing  into  the  Ad2  genome  a 
segment  of  DNA  from  the  early  region  of  the  SV40  genome.  Tumor  induction  in 
hamsters  demonstrated  that  the  acquisition  of  that  portion  of  the  SV40  genome 
lying  between  the  end  of  the  SV40  segment  in  Ad2+ND2  (at  0.43'"SV40  units)  and 
the  end  of  the  I^D^/BBS  segment  (at  0.59)  SV40  units  is  necessary  to  convey 
upon  these  Ad2-S\/40  recombinants  the  ability  to  produce  tumors  when  UV  inacti- 
vated virus  1s  injected  into  newborn  hamsters.  This  Is  the  region  of  SV40  DNA 
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associatea  with  the  induction  of  the  SV40  T-antigen  determinant.  Since  the 
segment  of  SV40  DNA  within  the  Ad2"*"ND4  and  B55  genome  includes  almost  the  entire 
early  region  of  the  SV40  genome  these  results  could  also  imply  that  most  of 
the  early  SV40  genome  must  be  present  and  functioning  before  SV40  carcinogenesis 
is  conveyed  to  the  recombinant  genome. 

The  nondefective  Ad2-SV40  hybrids  are  considered  to  be  potentially  hazardous. 
Due  to  this  problem  they  were  the  first  such  laboratory-derived  recombinants 
to  be  administratively  controlled. 

The  finding  that  certain  of  these  recombinants  can  be  oncogenic  because  of  the 
segment  of  the  SV40  genome  they  contain  implies  that  the  initial  concern 
expressed  about  the  unrestricted  study  of  nondefective  Ad2-SV40  hybrids,  the 
limited  precautions  exercised  in  their  distribution,  and  the  degree  of  con- 
tainment recommended  for  their  use  was  appropriate.  If  further  studies  show 
that  these  hybrids  cannot  establish  themselves  endemically  in  susceptible  non- 
human  hosts  and/or  that  they  have  a  counterpart  in  nature,  consideration  could 
then  be  given  to  reducing  or  eliminating  these  administrative  restrictions. 
Future  studies  are  being  considered  to  address  these  questions. 

The  ability  to  segregate  Ad2  transformed-cell -induced  tumor  lines  into  groups 
that  produce  tumors  and  groups  that  fail  to  produce  tumors  when  transplanted 
into  immunocompetent  hamsters  provides  a  unique  opportunity  to  study  the  devel- 
opment of  host  immunity  to  malignancy.  Culture  systems  have  been  established 
to  study  (1)  the  response  of  lymphoid  cells  from  different  inbred  hamsters 
strains  in  mixed  lymphocyte  cultures,  (2)  the  interaction  between  macrophages 
and  T  cells  in  mitogen  response,  and  (3)  in  vitro  blastogenic  response  of 
spleen  cells  from  nonimmune,  tumor  immune,  and  tumor-bearing  hamsters  to  Ad2 
transformed  cells.  The  cellular  infiltrates  evoked  by  tumor  challenge  of 
different  aged  hamsters  are  also  being  studied.  We  anticipate  that  a  better 
understanding  of  the  normal  maturation  of  the  hamster  immune  system  will  help 
explain  the  differences  in  the  oncogenicity  of  these  Ad2  tumor  lines. 
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SUMMARY  OF  WORK  (200  word^  or  less  -  unoenine  ke^ 

Two  animal  models  for  studying  the  virulence  of  Entamoeba  histolytica  have 
been  published  and  the  description  of  a  unique  beaded  virus  of  E^.   histolytica 
is   in  Press. 

In  a  collaborative  study  Dr.   M.P.   Valsamus  has  investigated  the 
pathogenesis  of  the  hydrocephalus  observed  in  some  animals  following  the  intra 
cerebral    inoculation  of  newborn  mice. 

We  have  investigated  the  virulence  of  clones  of  E.  histolytica  obtained  by 
iiilc:r'i)is{)l.itioii,  aiul  .i  possible  role  of  viruses  of  L.  histoTytTca  \<\  a  \)haqe-\  \ 
(  oiivcrsioii  of  vinilctKe  w<v.  examined. 

A  new  and  rapid  in  vitro  test  of  virulence  of  E^.   histolytica  is  being 
developed  and  shows  promise  for  distinguishing  strains  of  amebae  of  different 
virulence  for  newborn  hamster  liver  within  2  to  3  hours. 
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Project  Description: 


The  major  emphasis  of  this  project  continups  to  he  on  viruses  of 
Entamoeba  hi  stol vt  i  ca.   The  past  year  has  been  devoted  to 
evaluating  the  virulence  of  clones  of  £..  h  I  stol  vtica  and  a 
possible  role  of  amebal  viruses  In  virulence  conversion  of  the 
amebae.   In  addition,  we  are  developing  a  rapid  In  vitro  assay 
for  amebal  virulence.   These  studies  were  undertaken  In 
collaboration  with  Dr.  Diamond's  Kroup  In  LPD. 

Employing  the  simple  and  sensitive  intrahepatic  test  for 
virulence  In  the  newborn  hamster  liver,  developed  the  previous 
year,  we  have  evaluated  the  virulence  of  clones  of  £. 
h I stol vt lea  and  their  virulence  stability  over  a  period  of  about 

1  year  relative  to  the  uncloned  wild  types.   (Kelster,  Mattern, 
DI amond) . 

The  wild  type  HK-9  has  spontaneously  Increased  In  virulence 
during  the  past  year  and  10  clones  have  been  found  to  fall  Into 

2  groups:   5  avirulent  and  5  of  virulence  comparable  to  the 
increased  virulence  of  the  wild  type. 

HB-301:NIH  amebae  were  cloned  and  5  clones  tested  for  virulence. 
All  clones  have  maintained  virulence  equal  to  that  originally 
shown  by  the  wild  type.   The  latter,  however,  has  spontaneously 
and  dramatically  decreased  In  virulence  In  the  past  year. 

Of  Ik   clones  of  HM-1:IMSS  amebae  Isolated  as  the  above  by 
micromanipulation,  monoxeni zat Ion  with  trypanosomes,  and 
subsequently  reaxi n Izat Ion  In  TPS-1  medium,  all  Ik   were  found  to 
be  1-2  orders  of  mapnitude  less  virulent  than  the  parental 
HM-l:IMSo  strain  v;hlch  has  been  stable  In  virulence  over  a 
period  of  1-1/2  years. 

Recently  Dr.  F.  Gillin  (LPD)  has  devised  an  agar  cloning 
technique  omployinn  a  new  medium  developed  by  Dr.  Diamond  (LPD). 
All  of  the  12  clones  of  HM-1:IMSS  so  Isolated  were  found  to  be 
fully  as  virulent  as  the  wild  type  strain. 

Ue    believe  that  ttiese  variations  In  virulence  probably  result 
from  selection  pressures  Involved  In  the  cloning  process,  the 
nend  to  omplny  diffrrrnt  lots  of  Panmoade  In  TPS-1  medium,  and 
undoubtedly  other  factors  not  yet  understood  (Kelster,  Mattern, 
nil  1  In,  Diamond) . 

In  collaboration  with  Dr.  Marlus  Valsamus  the  pathology  of  the 
£..  h  i  stol  vt  ica  induced  hydrocephalus  in  newborn  mice  has  been 
studied.   The  amebae  produce  ependymltis  with  erosion  and  foci 
of  inflammation  and  necrosis  In  the  choroid  plexus.   The 
pathology  Is  that  of  an  ependymltis  with  a  reactive  gliosis 
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causing  obstructive  hydrocephalus  (ValsamuS/  Mattern,  Keister). 
These  observations  were  presented  at  the  June  1977  meeting  at 
the  American  Association  of  Neuropathologists/  and  they  are 
being  prepared  for  publication. 

In  order  to  evaulate  a  possible  role  of  viruses  In  conversion  of 
virulence  of  £..  hi  stolvt  ica  we  selected  k    viruses,  each  from 
amebal  strains  of  different  virulence.   HK-9  (originally  of  low 
virulnnco)  wos  selected  as  the  virus  recipient  strain.   MK-9 
ampb,H>  which  survived  Infection  with  virus  from  HM-1 :  IMSS  (our  most 
virulent  amebal  strain)  were  established  as  survivor  cultures 
and  found  moderately  increased  In  virulence  for  the  newborn 
hamster  liver.   The  virus  of  HB-301:Nlfl  likewise  slightly 
Increased  the  virulence  of  HK-9  survivor  cultures.   The  virus  of 
strain  ll-it58:CnC  (our  second  most  virulent  amebal  strain), 
however,  produced  avirulent  HK-9  survivor  cultures,  whereas  the 
virus  of  strain  1295  (an  avirulent  strain)  resulted  In  HK-9 
survivors  which  were  Increased  In  virulence  to  the  same  extent 
as  the  HK-9  survivors  of  the  virus  of  the  HM-1: IMSS  strain,  our 
most  virulent  strain. 

The  virus  of  HM-1: IMSS  did  not  however,  produce  survivor 
cultures  of  increased  virulence  with  2  other  avirulent  strains, 
Rahman  and  1275,  despite  Its  doing  so  with  the  low  virulence 
strain  HK-9. 

Clones  of  HK-9  surviving  the  viruses  of  strain  1295  also  showed 
I ncreased vl rulence  as  did  the  wild  type  HK-9.   They  were, 
however,  slightly  decreased  In  virulence  by  the  second  Infection 
with  the  virus  of  HB-301  which  had  increased  somewhat  the 
virulence  of  wild  type  HK-9.   Furthermore,  the  virus  of 
H-it58:Cnc  produced  a  totally  avirulent  survivor  culture  from  the 
moderately  virulent  IIK-9  survivors  of  the  virus  of  tfie  1295 
strain.   The  sequential  double  Infection  did  not  produce  an 
additive  virulence  increase  although  the  virus  of  H-i+SSrCDC  was 
capable  of  producing  an  avirulent  population  of  amebae  both  from 
Wild  HK-9  (low  virulence)  and  HK-9  survivors  (moderate 
virulence)  of  the  virus  of  amebal  strain  1295. 

V^e  believe  that  the  clonal  data,  the  spontaneous  changes  In 
virulence  of  2  wild  type  amebae  (HK-9  Increased  and  HB-301:NIH 
decreased),  and  the  results  of  virus  survivor  cultures  probably 
represent  selections  of  amebal  subpopu lat Ions  whose  virulence 
may  be  Increased,  decreased  or  unchanged  relative  to  the 
virulence  of  wild  populations.   No  patterns  emerged  relative  to 
tlie  virus-Induced  virulence  changes  and  the  virulence  of  the 
amebal  strains  employed  as  virus  donors  to  suggest  viral 
conversion  of  amebal  virulence  as  Is  well  established  In  several 
tnxir.enic  phar.e-bacter  I  a  systems  (Mattern,  Keister,  Diamond). 
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SUMMARY  or  WORK  (200  wordi,  or  Icll  -  underline  k' 

While  the  main  research  interest  of  this  laboratory  continues  to  be  focused 
on  the  new  human  papovavi ruses,  other  members  of  the  papovavi ridae  family  are 
being  investigated.     Attempts  are  being  made,  for  example,  to  propagate  the 
human  wart  virus  in  tissue  culture. 

JC  virus  has  been  successfully  grown  in  human  amnion  cells  through  2 
passages.     Although  the  yields  are  low,  this  is  the  first  time  this  virus  has 
been  grown  in  cells  other  than  human  fetal   glial   cells. 

Studies  on  the  characterization  of  K  virus,  a  mouse  papovavi rus,  and  its 
relation  to  polyoma  virus  have  revealed  that  the  2  mouse  papovavi ruses  do  not 
share  common  structural   or  T-antigens,  and  their  DNAs  have  no  detectable  common 
sequences  as  determined  by  standard  nucleic  acid  hybridization  methods.     However, 
in  confirmatioii  of  the  results  of  Shah,  et  al ,  antiserum  prepared  against 
disrupted  virions  of  K  virus  or  polyoma  virus  cross-react  against  other  members 
Df  the  polyoma  virus  subgroup. 
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JC  virus.   One  of  the  major  problems  In  research  on  human 
papovavi ruses  Is  development  of  cell  systems  for  growth  of  JC 
virus.   This  Is  an  unusual  virus  which  replicates  only  In  human 
fetal  glial  cells,  and  more  specifically.  In  spongioblast  cells. 
Since  human  fetal  brains  are  virtually  Impossible  to  obtain  In 
this  country,  a  major  effort  was  undertaken  to  "adapt"  JC  virus 
to  growth  In  readily  available  cells.   After  screening  numerous 
cells,  we  have  succeeded  In  growing  JC  virus  through  several 
passages  of  primary  human  amnion  cells.   Although  JC  virus  still 
does  not  replicate  In  amnion  cells  as  efficiently  as  In  fetal 
brain  cells,  the  results  are   promising. 

Biochemical  analysis  of  the  T-Antlgens  of  BK,  JC,  and  SVUO. 
Previous  studies  have  shown  that  the  primate  papovavi ruses  share 
Immunologically  related  T-antlgens.   The  T-antlgens  have  now 
been  analyzed  biochemically  In  studies  performed  primarily  by 
Dr.  Daniel  Simmons,  L.B.V.   The  T-antlgens  of  SVUO  and  BKV  were 
first  examined  In  cells  that  were  lytlcally  Infected  or 
transformed.   In  lytic  Infection,  the  T-antlgens  of  BK  and  SVUO 
have  a  molecular  weight  of  97,000  daltons;  In  transformed 
hamster  cells,  the  BK  T-antlgen  Is  larger,  having  a  molecular 
weight  of  113,000  daltons.   The  BK  and  SVtO  T-antlgens  were 
analyzed  after  tryptic  digestion  and  about  one  third  of  the 
peptides  were  similar.   Thus,  although  by  Immunologic  procedures 
the  T-antlgens  could  not  be  distinguished,  major  differences 
were  found  by  biochemical  analysis.   This  Is  In  keeping  with 
previous  findings  that  the  early  regions  of  the  DNA's  of  both 
viruses  do  not  share  extensive  common  sequences.   Preliminary 
findings  with  JC  T-antlgen  Indicate  that  most  of  the  peptHes  of 
this  protein  are  different  from  those  of  BK  and  SVtO. 

Mouse  Papovavi ruses,   a.  Comparative  studies  of  K-vlrus  and 
Polyoma.   The  extensive  studies  on  primate  papovavi ruses. 
Including  those  from  man,  have  shown  that  they  form  a  group  of 
distantly  related  viruses.   Mice,  like  humans,  are  the  natural 
hosts  for  2  papovavi ruses,  K  virus  and  polyoma.   The  DMAs  of 
these  2  mouse  viruses  as  well  as  their  structural  and 
non-structural  antigens  (T-antlgens)  were  compared.   Unlike  the 
human  papovavi ruses,  the  T-anttgens  of  polyoma  and  K-vlrus  do 
not  cross-react.   The  structural  proteins  are  also 
Immunologically  dissimilar  when  tested  by  various  serologic 
tests.   Standard  nucleic  add  hybridization  studies  also 
revealed  no  homology  between  the  DNAs  of  the  2  viruses. 
However,  when  antiserum  was  prepared  using  SDS-dl srupted 
purified  virions,  cross-react  I vl ty  was  demonstrated.   Antiserum 
against  disrupted  K  and  polyoma  virus  also  react  with  SV^O,  BK, 
and  JC.   This  confirms  a  recent  report  on  related  structural 
antigens  among  all  papovavi ruses. 
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b.  Response  of  human  cells  to  polyoma  virus.   Although  there  has 
been  an  extensive  amount  of  published  work  on  SVUO  and  human 
cells,  there  is  relatively  little  Information  of  the  effect  of 
polyoma  virus  in  human  cells.   A  series  of  human  cell  lines  of 
normal  f  I  broblast  and  epithlial  cells,  and  abnormal  (transformed 
cells)  were  examined  for  their  response  to  polyoma  infection. 
The  transformed  cells  could  be  abortively  infected  with  high 
efficiency  resulting  In  almost  10Q|  of  the  cells  producing 
T-antigen.   Synthesis  of  T-antlgen  was  transient/  however,  and 
upon  passage,  the  cells  lost  their  capacity  to  synthesize  the 
antigen.   Normal  epithelial  cells  were  totally  resistant  to  the 
virus.   All  fibroblast  cell  lines  produced  T-antlgen  at  low 
levels  after  Infection.   Most  of  the  cell  lines  lost  T-antigen 
producing  capacity  with  2  exceptions.   A  small  percentage  (5%) 
of  cells  in  1  line  produced  T-antigen  throughout  the  life  span 
of  the  culture  without  observable  changes.   A  second  line 
ultimately  became  morphologically  transformed  and  100%  of  the 
cells  were  T-antlf;en  positive.   This  is  the  first  time  that 
polyona  virus  has  been  shown  to  transform  human  cells. 

Papovavi ruses  and  human  tumors.   Experiments  to  examine  the 
possibility  that  human  papovavi ruses  may  be  Involved  In  human 
neoplasia  were  performed,  using  3  different  types  of  tests: 

1)  55  established  tumor  cell  lines  from  solid  tumors  (kidney, 
brain,  lung,  melanoma,  and  others)  were  tested  for  T-antigens, 
using  T-antisera  prepared  against  SVi»0,  BK,  and  JC  tumors.   None 
of  the  tumor  cell  lines  were  positive  for  T-antlgens. 

(2)  15  of  the  tumor  cell  lines  which  were  negative  for 
T-antigens  wore  also  examined  for  BK  viral  sequences  in  tumor 
cell  DNA,  using  labeled  BK  DNA  as  probes.   All  were  negative. 

(3)  70  tumor  serum  specimens  from  patients  with  kidney,  bladder, 
and  esophageal  cancers  were  tested  for  T-antibody  against  BK  and 
JC  tumor  cells.   All  were  negative. 

From  these  experiments,  we  conclude  that  the  human  papovavi ruses 
play  a  negligible  role.  If  any.  In  human  cancer.   This  Is  in 
contrast  to  a  recent  report  by  Flori  and  DlMayorca  who  reported 
approximately  50%  of  the  tumors  which  they  examined  contained  BK 
DNA  sequences. 

Characterization  of  BE  human  skin  cell  line.   Epithelial  cells 
rarely  can  be  established  In  culture.   An  unususal  skin  cell 
line  which  was  epithelial  In  morphology  was  developed  by 
Investigators  at  the  Sloan-Kotter I ng  Memorial  Cancer  Center. 
Thli  skin  roll  llnp  was  reported  capable  of  supporting  the 
j'.rowth  of  hiininn  w.irt  virus,  a  virus  which  heretofore  had  not 
been  successfully  grown  In  tissue  culture.   In  studies  conducted 
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in  this  laboratory,  we  have  found  that  human  wart  virus  does  not 
replicate  in  the  BE  cells,  even  though  the  exact  conditions  used 
by  the  Investigators  at  Sloan  Kettering  were  employed.  However, 
the  cells  support  replication  of  BK  virus  and  may  therefore  be 
useful  for  studies  on  this  virus.  The  BE  cells  also  are 
partially  permissive  for  JC  virus  growth,  but  the  yields  are  too 
low  to  be  a  practical  system. 

GIr.til  f  Icance  to  biomedical  research:   The  papovavlrus  family 
constitute  an  Important  Rroup  of  viruses  which  has  provided 
investigators  with  systems  to  study  DNA  virus  replication, 
mechanisms  of  viral  oncogenesis,  and  cell  biology.   These 
viruses  also  cause  persistent  Infection  In  their  hosts;  In 
humans,  one  of  them  (JC  virus)  has  been  frequently  associated 
with  the  demyel inati ng  disease  progressive  multifocal 
leul<oencepha  lopathy. 

Proposed  course  of  the  project:   Complete  characterization  of 
the  biology  and  biochemistry  of  the  papovavl ruses  will  be 
cont Inued. 
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Work  with  the  interferon  inducer  poly  ICLC  was  extended  in  several  directiorjs 
With  one  low  level  dose,  it  is  effective  against  street  rabies  in  monkeys.  Phas(! 
1  studies  In  man  to  determine  what  level  of  drug  is  toxic  have  been  completed. 
10*^  units  of  interferon/ml  of  human  serum  have  been  produced,  possibly  the 
highest  serum  interferon  level  man  has  ever  experienced.  At  this  level  a  marked 
drop  in  platelets  was  seen.  Lower  levels  of  drug  did  not  produce  this  drop.  The 
drug's  effectiveness  as  an  immune  adjuvant  has  been  observed  with  three  vaccines, 
Venezuelan  equine  encephalitis  virus.  Swine  flu  virus,  and  H^.  influenzae. 
Relationships  between  the  interferon  system  and  protection  against  damage  by 
X-irradiation  have  been  explored. 
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Project  Description 

A  major  effort  of  the  laboratory  was  devoted  to  problems  connected  with  the 
preparation  of  the  primate-effective  interferon  inducer,  Poly  ICLC.  Failure 
of  suppliers  to  deliver  a  uniform  poly  lysine  led  to  a  non-effective  product. 
Solution  of  this  problem  took  months. 

The  immune  adjuvant  capabilities  of  Poly  ICLC  were  explored  further  last  year. 
1)  With  vaccine  prepared  with  heat  inactivated  Venezuelan  equine  encephalitis 
virus,  one  dose  of  vaccine  plus  Poly  ICLC  followed  by  one  dose  of  vaccine 
alone  led  to  the  development  of  neutralizing  antibody  titers  of  1.64,000  as 
contrasted  to  1:300  if  adjuvant  was  not  used.  2)  When  Poly  ICLC  was  used  with 
Swine  flu  vaccine,  protective  levels  of  antibody  were  developed  In  all  the 
treated  monkeys  within  about  ten  days;  without  adjuvant  only  50*  of  monkeys 
developed  such  levels,  and  it  required  nearly  three  weeks.  3)  Monkeys  given 
a  poly  ribose  phosphate  vaccine  against  H^.  Influenzae  did  not  develop  anti- 
bodies (comparable  to  what  is  seen  In  very  young  children).  When  the  vaccine 
was  given  together  with  Poly  ICLC,  all  monkeys  produced  satisfactory  levels  of 
antibody.  The  amount  of  Poly  ICLC  needed  for  adjuvant  action  is  much  less 
than  that  needed  for  interferon  production. 

Phase  I  testing  of  the  drug  in  people,  in  collaboration  with  N.C.I. ,  is  almost 
complete.  Doses  of  400  yg/kg,  given  to  terminally  111  patients,  induce  levels 
of  serum  interferon  up  to  3000  y/ml .  Side  reactions  Include  fever  and  possibly 
occasional  hypotension.  These  problems  are  not  considered  severe  for  cancer 
patients,  but  might  be  for  people  with  milder  illnesses,  such  as  hepatitis. 
Lower  levels  of  drug,  or  intramuscular  rather  than  intravenous  administration 
might  eliminate  the  problem.  Levels  of  the  drug  of  800  ug/kg  body  weight  pro- 
duced 10,000  units  of  interferon/ml ,  possibly  the  highest  man  has  ever  produced 
under  any  condition.  This  probably  represents  a  toxic  level  of  drug,  as  In 
three  of  four  patients  there  was  a  marked  drop  in  platelets  (returning  to 
normal  when  drug  was  discontinued).  It  should  be  noted  that  administration  of 
large  amounts  of  interferon  itself  is  associated  with  fever  production  and 
marrow  depression. 

Collaborative  efforts  are  beginning  with  two  groups  In  Italy,  one  to  treat 
malignancies  in  man,  the  other  to  treat  human  keratoconjunctivitis. 

Current  work  in  post  exposure  prophylaxis  of  street  rabies  In  monkeys  is  aimed 
toward  determining  how  low  a  level  of  drug  can  be  used.  One  low  level  dose  of 
drug  has  proven  effective.  It  is  hoped  to  try  the  drug  in  human  cases. 

We  have  found  that  all  interferon  inducers  tested  are  radioprotective  agents. 
Poly  ICLC  is  one  of  the  very  good  radioprotectors  in  mice,  and  will  be  tested 
in  monkeys.  Most  of  the  radioprotectors  are  Inducers  of  interferon,  and  are 
prophylactically  effective  antiviral  agents. 

Interferon  purification  studies  with  Dr.  Anfinsen  continue. 
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It  was  shown  that  Interferon  could  be  Induced  1n  haematopo1«t1c  cells  and  1n 
mice  by  biogenic  amines  -  specifically  serotonin  and  histamine.  Histamine  was 
able  to  stimulate  the  production  of  significant  amounts  of  Interferon  by  human 
leukocytes,  where  serotonin  was  less  effective.  Serotonin  and  its  derivative  - 
5-methoxytryDtam1ne  given  l.p.  protect  mice  against  otherwise  lethal  challenges 
with  Semliki  Forest  Virus. 

Dr.  Green  has  been  engaged  In  studies  of  delayed  hypersensitivity  in  the  mouse. 
Specifically,  a  state  of  cryptic  hypersensitivity  has  been  Identified.  Cryptic 
delayed  hypersensitivity  (CDH)  has  been  operationally  defined  as  a  state  of 
altered  delayed  hypersensitivity  which  can  be  demonstrated  by  Indirect  means 
In  otherwise  skin-test  negative  individuals.  Two  modes  of  developing  CDH  have 
been  found.  A  state  of  CDH  Is  present  when  skin- test  reactivity  has  waned  to 
undetectable  levels  with  the  passage  of  time.  CDH  also  Is  produced  in  mice 
which  are  exposed  to  antigen  concentrations  which  are  too  small  to  induce 
delayed  hypersensitivity.  Both  modes  of  acquiring  CDH  are  physiologic  and 
reasonably  may  be  expected  to  occur  in  nature.  Other  means  of  establishing 
CDH  are  being  examined.  Skin  test  responses  can  be  evoked  In  mice  with  CDH  by 
administering  lymphoid  tissue  lysate  prior  to  antigenic  challenge.  Only  lysates 
prepared  from  lymphoid  tissues  of  animals  (mice  or  rabbits)  with  active  delayed 
hypersensitivity  are  effective.  There  Is  partial  antigenic  specificity  in  that 
a  minor  degree  of  dermal  responsiveness  occurs  in  mice  with  CDH  to  one  antigen 
when  they  are  pretreated  with  lysate  from  animals  with  active  delayed  hyper- 
sensitivity to  a  structurally  related  antigen.  Preliminary  studies  indicate 
that  CDH  is  produced  by  the  development  of  cells  which  selectively  suppress 
dermal  reactivity  to  antigen.  The  significance  of  these  observations  to  the 
Immunology  of  the  virus-host  interaction,  and  to  Immunology  In  general  remains 
to  be  determined. 
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Project  Description 

Purification  of  the  "beaded  virus"  was  achieved  using  multiple  cesium  chloride 
bandings.  Although  clean  preparations,  not  contaminated  by  extraneous  proteins, 
were  obtained  by  this  method,  marked  decreases  in  Infectivity  titers  occurred 
during  the  purification  techniques.  Small  aliquots  of  purified  icosahedral 
virus  have  been  prepared  using  a  combination  of  ultra-filtration  and  gel 
filtration  techniques.  Again,  marked  decreases  in  infectivity  occurred  during 
the  purification  procedures.  Other  techniques,  including  isoelectric  focusing, 
affinity  chromatography,  and  isotachophoresis,  will  be  employed  to  attempt 
virus  purification  without  accompanying  loss  of  infectivity. 

Using  the  purified  viruses,  specific  anti-sera  were  prepared  in  guinea  pigs 
and  rabbits.  These  sera  were  used  to  standardize  complement-fixation, 
fluorescent-antibody,  and  agar-gel  diffusion  tests.  Preliminary  tests  indicate 
that  these  tests  are  more  sensitive  than  the  serum  neutralization  test. 

Arrangements  have  been  made  for  collaborative  studies  with  NAMRU-3,  the  MRC, 
The  Gambia,  and  Dr.  Louis  Diamond,  LVD,  in  Mexico  City,  to  obtain  sera  from 
cases  of  acute  and  chronic  amoebiasis  patients.  These  sera  will  be  tested 
for  the  presence  of  antibody  to  the  amoebal  viruses. 

Some  of  the  major  obstacles  for  understanding  amoebiasis  epidemiology  relate 
to  our  failure  to  assess  easily,  virulence,  host  susceptibility  and  host 
reaction  to  man.  C.  F.  T.  Mattern  et  al_.  (Project  No.  ZOl  AI  00015-11  LVD) 
have  described  recently,  that  trophozoite  virulence  In  animals  could  be  deter- 
mined without  resort  to  surgical  intervention.  In  these  studies,  animals 
(the  baby  hamster  and  mouse)  exquisitely  sensitive  to  Entamoeba  histolytica 
were  used.  These  animals  have  a  maximum  response  to  virulent  strains,  and 
little  or  no  response  to  avirulent  strains  of  axenlcally  cultured  amoebae. 
The  system  described  here  utilizes  another  species  (embryonated  hen's  eggs) 
in  which  host  susceptibility  seems  to  be  genetically  controlled  and  in  which 
highly  sensitive,  completely  resistant,  and  intermediate  degrees  of  suscepti- 
bility to  E.   histolytica  could  be  found.  Our  attempts  to  establish  axenlcally 
grown  E.   histolytica  in  embryonated  hen's  eggs  were  initiated  as  part  of  the 
larger  study  on  the  immunology  of  the  amoeba  and  the  viruses  associated  with 
it,  for  studies  of  host  susceptibility  and  virulence  factors,  and  as  an  attempt 
to  develop  alternative  bioassay  methods  for  I.   histolytica. 

We  have  been  able  to  show  that  all  five  strains  of  Entamoeba  histolytica 
utilized  could  be  established  in  some  lines  of  embryonated  hen's  eggs,  the 
yolk  sac  route  and  37oc  are  the  route  and  temperature  of  choice.  In  suscepti- 
ble eggs,  trophozoites  were  recovered  from  all  tissues  and  fluids  and  no 
tissue  reaction  was  seen.  Chicken  lines  vary  in  the  proportion  of  embryos 
susceptible  to  the  various  strains  of  £.  histolytica  studied  and  there  were 
variations  in  the  number  of  trophozoites  recovered  from  individual  positive 
eggs.  Susceptibility  and  resistance  could  be  demonstrated  in  both  out-bred 
heterogenous  and  in  highly  inbred  flocks,  but  eggs  obtained  from  a  genetically 
stable  source  were  relatively  constant  in  this  distribution  of  susceptible 
and  resistant  embryos. 
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Degrees  of  resistance  and  susceptibility  were  observed  in  genetically  stable 
chicken  lines.  It  was  possible  to  find  individual,  single-mated  hens  which 
lay  only  completely  susceptible  or  completely  resistant  embryonated  eggs.   In- 
bred progeny  from  these  hens  were  developed  in  small  flocks  which  produce  only 
completely  susceptible  or  completely  resistant  eggs.  This  indicates  there  is 
probably  a  genetic  basis  for  the  observed  heterogeneity  of  susceptibility  and 
resistance  to  E.   histolytica.  Infection  with  avian  leukosis  virus  and  inter- 
feron production  did  not  seem  to  play  a  role  in  the  observed  patterns  of  sus- 
ceptibility and  resistance.  Multiple  alternating  passages  of  trophozoites  in 
hen's  eggs/TPS-1  broth  led  to  an  Increase  In  the  number  of  positive  embryos 
and  a  decrease  in  embryo  deaths.  Indicating  adaptation  of  trophozoites  for 
growth  in  ovo  and  attenuation  in  virulence. 

Although  the  mechanism  of  resistance  in  non-susceptible  eggs  Is  probably 
genetic  we  have  not,  as  yet,  completely  ruled  out  the  presence  or  absence  of 
anti-amoebic  substances,  including  cross-reacting  maternal  antibody  from  the 
hen.  Further,  we  have  not  shown  if  the  amoeba  are  prevented  from  infecting 
non-susceptible  eggs  in  the  usual  manner  and  are  then  thermally  inactivated, 
or  if  antigenic  determinants  are  important  for  compatibility  of  trophozoites 
and  susceptible  eggs.  We  have  not  established  if  the  differences  in  suscepti- 
bility seen  in  ovo  are  maintained  at  the  cellular  level.  We  do  know  that  the 
resistance  seen  is  not  based  on  immune  response,  as  we  are  using  an  immuno- 
logically incompetent  host. 

We  plan  to  perform  genetic  studies,  using  newly  developed,  highly  sensitive 
and  completely  resistant  lines  of  chickens  to  establish  a  genetic  basis  for 
the  observed  resistance  and  susceptibility  to  E.   histolytica  In  ovo.  Tissue 
culture  lines  will  be  developed  from  sensitive  and  resistant  TTnes  of  chickens 
and  will  be  infected  with  trophozoites  to  determine  if  these  characteristics 
will  be  maintained  at  a  cellular  level.  More  extensive  studies  will  be  made 
to  rule  out  the  presence  or  absence  of  cross-reacting  maternal  antibody  from 
the  hens  transmitted  transovarially  via  the  yolk  sac  as  a  possible  cause  of 
inactivation  of  trophozoites. 

In  connection  with  the  in  ovo  studies,  we  have  been  able  to  perfect  a  technique 
for  long  term  cultivation  and  passage  of  chick  embryo  cells  in  vvtro.  This 
technique  will  allow  extensive  studies  of  genetic  susceptibiTTty  of  chickens 
and  pathogenicity  studies  of  E.   histolytica  to  be  carried  out  easily.  In 
addition,  the  technique  provides  a  tool  for  many  other  virus  studies  which 
require  long  term  cultivation  of  chick  embryos.  Long  term  cultivation  of  chick 
embryo  cultures  has  been  tried  for  many  years  by  many  investigators,  both  in 
NIH,  and  in  many  other  laboratories  and  has  always  met  with  failure  previously. 

Using  molecular  sizing  techniques  we  have  demonstrated  a  low  molecular  weight 
"toxin"  elicited  into  the  culture  media  by  a  highly  virulent  and  a  moderately 
virulent  strain  of  E.  histolytica.  This  toxin  lyses  amoeba  trophozoites  and 
chick  embryo  ■•'ibrobTasts';  Attempts  will  be  made  to  purify  and  identify  this 
toxin. 


t)Gl 


ZOl  AI  POl 65-01  LVD 

Significance  to  Biomedical  Research  and  Proposed  Course  of  the  Project 

Parasitic  protozoa  are  endemic  in  the  United  States,  the  Third  World  and  else- 
where and  are  a  major  public  health  problem.  Even  though  over  50  years  have 
been  devoted  to  basic  research  on  parasitic  protozoa  they  are  an  exceptionally 
difficult  problem  and  little  is  known  of  the  basic  factors  of  their  patho- 
genicity and  the  specific  causes  of  host  susceptibility  and  immunity.  New 
concepts  and  methods  must  be  developed  before  this  field  can  develop  suffi- 
ciently to  allow  for  control  and  treatment  of  amoebiasis  and  other  protozoal 
infections. 

Other 

Appointed  to  Joint  Board  on  Science  and  Engineering  Education,  Wash.  Acad, 
of  Science. 

Presented  paper  "Cultivation  of  Entamoeba  histolytica  in  Embryonated  Hen's 
Eggs"  at  V  International  Congress  of  Protozoology. 
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Research  Progress 

Lysogeny  and  Production  of  Erythrogenic  Toxin  in  Group  A 

Group  A  Btreptococcl  may  producp  ono  or  niorp  of  4  erythrogenic  toxins  (A,  B, 
C,  and  U).   Prior  work  of  othdrH  haa  suggested,  without  attempting  to 
differentiate  among  toxine  or  bacteriophagea ,  that  toxin  production  depends 
on  lysogenization  of  the  producing  strain  by  a  phage — perhaps  by  supplying 
the  proper  genetic  information  in  the  process  of  lysogenic  conversion.   During 
our  studies  of  a  rare  strain  (64x402;  M-type  23),  tested  repeatedly  for 
lysogeny  by  several  methods  and  consistently  found  negative,  we  detected 
its  production  of  erythrogenic  toxin  by  skin  tests  in  rabbits.   Erythrogenic 
capacity  was  neutralized  by  a  standard  antitoxin  available  from  the  W.H.O. 
Subsequent  agar  immunodiffusion  tests,  using  monospecific  antitoxins  (A, 
B,  C)  and  strains  producing  known  toxins  as  controls,  showed  that  strain 
64x402  produced  only  toxin  B.  When  this  strain  was  lysogenized  by  a  phage 
from  a  strain  producing  C  toxin,  it  also  produced  C  toxin,  in  addition  to 
B.   These  results  suggest  that  some,  but  not  all,  erythrogenic  toxin  production 
can  arise  from  lysogenic  conversion;  and  raise  the  question  (now  being 
explored)  of  tlic  location  of  genetic  coding  for  toxin  production  in  non- 
lysogenic  atrains.  (Colon,  Cole,  and  Popkin) 

Propagation,  Purification,  and  Characterization  of  a  Spiroplasmavirus 

Three  morphologically  different  virus-like  particles  are  widespread  among 
known  spiroplasmas  found  in,  or  pathogenic  for,  plants,  arthropods,  and 
rodents.   One  of  these,  a  short-tailed  polyhedral  particle  ( Spiroplasmavirus 
citri  3,  or  SVC3),  was  isolated  from  both  Spiroplasma  citri  (a  citrus  pathogen) 
and  the  suckling  mouse  cataract  agent  (a  rodent  pathogen  originating  from 
rabbit  ticks).   Both  viruses  formed  plaques  on  6  hour  lawns  of  a  strain  of 
S.  citri,   and  were  propagated  in  6  hour  broth  cultures  of  the  same  strain. 
Viruses  from  filtered  culture  fluids  at  5  days  incubation,  werp  precipitated 
by  polyethylene  glycol,  sedimented  isopycnically,   at  a  density  of  1.31  g/cm^, 
in  gradients  of  Metrizamide;  and  at  1.45  g/cm^  in  cesium  chloride  gradients. 
Both  exhibited  other  similar  properties.   Intact  virions  in  high  titer 
(1  X  10^2  pfu/ml)  were  obtained  from  Metrizamide:  mostly  empty  virions 
extruding  nucleic  acid  strands  were  found  in  cesium  chloride-banded  material. 
Extracted  nucleic  acid  was  shown,  by  enzymatic  and  spread-shadowing  techniques 
with  electron  microscopy,  to  consist  of  linear  molecules  of  double-stranded 
DNA  with  a  molecular  weight  of  14  x  10"  daltons.   The  DNA  can  transfect  the 
indicator  strain.   Antiserum  to  one  virus  inhibits  plaque  formation  by  both. 
Tlie  virions  contain  5  structural  proteins  of  aggregate  molecular  weight 
'59), 000,  !\n    determined  in  polyacrylamido-SDS  gel  electrophoresis.   Studies 
of  virus  absorption,  growth  properties,  and  further  characterization  of   the 
DNA  are  in  progress.   No  other  spiroplasmaviruses  have  been  propagated,  and 
double-stranded  DNA's  known  to  be  present  in  two  other  mycoplasma  (Acholeplasma) 
viruses  have  not  been  characterized.  (Mitchell, Cole,  Jablonska,  and  Popkin) 
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DNA  Uptake  in  Microbial  Genetic  Transformation 

DNA-mediated  transformation  of  Group  H  streptococci  requires  competent  cella 
(induced  by  a  soluble  competence  factor)  and  at  least  4  subsequent  steps: 
(1)  binding  of  DNA  in  a  DNAase-eensitive  state;  (2)  conversion  of  the  bound 
DNA  to  a  DNAafie-resistant   state;  (3)  production  of  acid-soluble  fragments 
from  the  DNA;  (4)  probable  multiple  stages  of  DNA  uptake,  integration  and 
expression.   All  steps  were  previously  shown  to  be  pH-dependent .   At  optimum 
pH  (6,5),  step  1  is   calcium-independent;  but  other  stages  require  calcium 
(Ca)  which  is  not  replaceable  by  magnesium  (Mg),  manganese  (Mn) ,  or  barium 
(Ba).   For  step  1  binding,  some  single-strand  nicks  in  the  DNA  molecule  seem 
required;  and  are  produced  by  cell-associated  "nicking"  enzymes  that  fail  to 
affect  non-homologous  (phage)  DNA's — which,  therefore,  fail  to  bind  under  the 
same  conditions  of  low  calcium.   Step  2  is  inhibited  by  Mg,  Mn,  Ba,  and 
chelators  (EDTA,  EGTA) :  step  3  by  BA  and  chelators;  and  step  4  by  Mg,  Mn, 
Ba,  and  chelators.   Action  of  chelators  is  not  reversible  by  Ca  or  Mg;  however, 
suggesting  a  need  for  other  cations  as  yet  unspecified.   Current  data  suggest 
that  both  a  Ca-activated  and  a  Mg  (or  Mn)-activated  nuclease  are  active  in 
step  3 — but  it  is  not  clear  whether  their  action  occurs  during  or  after  DNA 
entry  into  the  cell.   These  findings  represent  progress  in  defining  the 
incompletely,  understood  nature  of  DNA  uptake,  and  also  illustrate  the 
complexity  and  interdependence  of  the  processes  involved.   (Ranhand,  Jablonska, 
and  Moynet) 

Problems  with  Bacterial  Lipoteichoic  Acid 

Lipoteichoic  acid  (LTA),  a  polyglycerol  phosphate  (PGP)  linked  to  amino 
and  fatty  acids  and  possessing  different  numbers  and  types  of  substituent 
side  groups  (usually  sugars),  is  a  common  constituent  of  gram-positive 
bacteria.   It  serves  as  an  intermediate  in  the  synthesis  of  teichoic  acid, 
a  cell  wall  constituent — but  no  other  functions  are  known.   A  controversy 
exists  regarding  Its  cellular  location;  we  have  found  it  exclusively  or 
principally  in  the  bacterial  mesosome  (or  mesosomal  vesicles  -  MV) ,  an 
intracellular  membranous  organelle;  but  others — usually  not  employing  careful 
chemical  balance  studies — have  reported  it  to  be  elsewhere.   The  proof  rests 
on  localization  by  immuno-electron  microscopy,  and  numerous  recent  efforts 
have  been  directed   to  obtaining  adequate  LTA-antibody .   The  results  show,  in 
summary,  that  only  MV,  or  LTA  extracted  by  methods  that  retain  a  certain 
amount  of  associated  protein,  are  immunogenic  in  our  strain  of  rabbits;   and 
that  the  antibodies  produced  are  directed  only  against  the  protein  and  not 
against  the  PGP  backbone  of  the  LTA.   The  situation  is  unclear  because  others, 
using  similar  methods,  reported  obtaining  PGP-antisera:  immunization  of 
different  strains  of  rabbits  or  of  other  laboratory  animals,  to  obtain  the 
essential  antisera,  is  projected.   During  the  year .chemical  raethods  verified 
that  MV  of  several  streptococci,  staphylococci,  and  a  bacillus  contained  the 
highest  levels  of  LTA  of  any  extractable   fraction — but  the  total  LTA 
extractable  from  whole  cells  was  not  recovered  in  the  sum  of  all . fractions . 
As  a  result,  several  mechanical  changes  were  made  in  extraction  procedures 
(gentle  handling  during  dcfatting,  avoidance  of  drying  before  ether  extraction, 
improvoU  im-clmuical  mixiug  during  phenol  extraction),  followed  by  enzymatic 
(l)NAaH.-,  liNAiiso)  t  roatment  and  separation  of  LTA  as  a  standard,  dry-weight 


assayable,  high  molecular  weight  fraction  on  Sepharose  6B  columns.   The 
improved  procedure  gave  good  balance  results:  in  addition,  it  revealed  a  new 
and  unexpected  finding — namely,  that  the  amount  of  LTA  per  eell  ehftnged 
ilurtti(4  ij;rnwth"  •being  hlghe'et  In  lug  pUaen  cptU  fiml  (J^crea^ing  iO-folJ  'u 
more  in  stationary  pbasr  cells.   A  direct  relationship  between  growth  rate 
and  LTA/cell  affirms  the  importance  of  LTA  to  growth,  and  suggests  that — 
because  of  its  known  function  as  an  intermediate  in  synthesis  of  wall 
teichoic  acid — LTA  may  function  in  control  of  cell  wall  growth.   Studies  to 
test  this  hypothesis  are  in  progress.  (Huff  and  Theodore) 
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Administrative,  Organizational,  and  Other  Changes 

No  major  changes  in  research  direction  nor  projects  have  taken  place,  although 
there  is  increasing  emphasis  on  some  bacterial  viruses,  their  nucleic  acids, 
and  their  participation  in  genetics  of  the  host  organisms.   These  aspects 
are  enhanced  by  the  interests  of  two  Visiting  Fellows,  Dr.  Elzbieta  Jablonska 
(Poland:  arrived  October  1976)  and  Dr.  Daniel  Moynet  (France:   arrived 
February  1977),  and  will  be  strengthened  by  the  imminent  arrival  (October 
1977)  of  a  Senior  Staff  Fellow,  Dr.  Alan  Liss,  with  extensive  experience 
in  molecular  biology  of  mycoplasmaviruses .   The  6  continuing  active  projects 
involve  transformation,  transduction,   and  lysogenic  conversion  in  streptococci; 
streptococcal  bacteriophages;  viruses  of  mycoplasmas  (spiroplasmas) ;  sub- 
cellular localization  of  organelle-related  substances  (lipoteichoic  acids) 
in  staphylococci,  streptococci,  and  other  gram-positive  bacteria;  and 
supportive  electron  microscopy  for  all  these.   The  aggregate  represents  the 
best  approach,  considering  limitations  of  personnel  and  space  in  a  small 
organization,  to  the  Laboratory  mission — broadly  interpreted  to  be  a 
maintenance  of  expertise  in,  and  contribution  to,  the  knowledge  of  structure 
and  function  of  prokaryotic  microorganisms. 

Lack  of  success  in  the  dwindling  Research  Associate  Matching  Program, for  the 
past  few  years  has  led  to  a  trend  to  increased  utilization  of  Staff  Fellows 
and  Visiting  appointments  when  possible,  as  noted  above.   Dr.  Gary  Calandra, 
former  Research  Associate,  returned  in  July  1977  from  2  years  residency 
training  outside  the  service,  and  is  detailed  for  one  year  to  the  Laboratory 
of  Clinical  Investigations  for  training  in  infectious  diseases.   It  is 
anticipated  that  he  will  rejoin  our  research  staff  thereafter.  Ms.  Deborah 
Hartman  (Biologist,  GS-7)  entered  on  duty  early  in  the  year.  Size  of 
Laboratory  staff  has  remained  constant,  as  has  budget,  and  no  other  changes 
are  anticipated  at  this  time. 
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Honors  and  Awards 

Roger  M.  Cole 

Member,  Editorial  Board,  Infection  and  Immunity. 

Invited  participant  (Session  Chairman),  III  European  Meeting  on  Bacterial 
Transformation  and  Transfection;  Granada,  Spain,  Aug,  31  -  Sept.  3  1976. 

Invited  lecturer,  Symposium  on  Mycoplasmas,  77th  Regular  Meeting,  Society  for 
General  Microbiology;  Glasgow,  Scotland,  Sept.  15-17,  1976. 

Invited  participant,  I  Meeting  of  International  Organization  of  Mycoplasmol- 
ogists,  Glasgow,  Scotland,  Sept.  15-17,  1976 

Invited  participant  (Opening  Address:  Chairman,  1st  Session:  Summarizer) , 
Seminar  on  Spheroplasts ,  Protoplasts,  and  L-Forms  of  Bacteria;  Nimes- 
Montpellier,  France,  Sept.  21-25,  1976. 

Presented  invited  seminars  on  spiroplasmas  and  spiroplasmaviruses:   University 
of  Western  Ontario,  London;  Feb.  9,  1977  and  Syracuse  University,  N,  Y., 
Sept.  29,  1977. 

Session  Chairman,  Ann.  Meet.  American  Society  for  Microbiology,  New  Orleans, 
May  8-13,  1977. 

Acting  Scientific  Director,  NIAID;  Sept.  1975  to  Dec.  1976. 

Member,  NIAID  Subcommittee  on  Biohazards  of  Mutants. 

Jon  M.  Ranhand 

Invited  participant,  III  European  Meeting  on  Bacterial  Transformation  and 
Transfection,  Granada,  Spain,  Aug.  31  -  Sept.  3,  1976. 

Invited  participant,  XX  Annual  Meeting  on  Microbial  Transformation,  Estes  Park, 
Colorado,  June  1977. 
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l^UMMARY    Ot     WORK    (200   words    or   less   -   underline    keywords) 

The  long  range  purpose  of  this  project  is  to  study  the  biochemical  processes 
involved  in  the  growth  of  bacterial  cell  wall  and  membrane.    Of  particular 
interest"  is  the  biosynthesis  of  cell  wall   teichoic  acids  and  mesosomal 
'  ip^'t^i  c-lioic  flcida  in  St.tphy  lococcus  aureus .   The  topics  of  present  interest 
«ro:   l)   the  tht'ory  ihnL  lipoteichoic  acid  occurn  predominantly  in  the  mesosomt 
of  Gram-positive  bacteria;  2)   the  relationship  of  the  high  content  of  lipo- 
teichoic acid  in  thr  mcnosome  to  the  syntliosis   of  teichoic  acid  in  the  cell 
wall;  3)   improvement  in  methods  for  extraction  and  assay  of  LTA;   and 
4)   further  studies  on  the  antigenic  character  of  lipoteichoic  acid. 
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Project  Description: 

Teichoic  acids  are  highly  antigenic  polyribitol  phosphates  located  on  the 
exterior  surface  of  Staphylococcus  aureus  and  many  other  Gram-positive  cell 
walls.   Lipoteichoic  acids  are  antigenic  glycerol  phosphate   polymers  important 
as  an  assembly  point  for  the  synthesis  of  cell  wall  teichoic  acid  (TA) .   The 
purpose  of  this  study  has  been  to:   1)   determine  the  relationship  between 
lipoteichoic  acid  (LTA)  content  of  cells  and  synthesis  of  cell  wall  and  TA; 
2)   extend  the  observation  that  LTA  is  localized  in  the  mesosomes  (intra- 
cellular membranous  organelles  comprising  12%  of  the  total  intracellular 
membrane  in  S^.  aureus)  to  other  bacteria;  3)  to  relate  the  occurence  and 
structure  of  teichoic  acids  to  the  strong  immunological  response  observed 
during  human  staphylococcal  infection. 

In  a  previous  study,  7  Gram-positive  bacteria  were  tested.  In  all  cases 
(except  M.  lysodeikticus  where  a  lipomannan  is  present  instead  of  lipoteichoic 
acid)  the  mesosomes  have:  1)  a  threefold  or  greater  concentration  of  LTA  than 
in  the  membranes;  2)   the  major  portion  of  the   total  cellular  LTA.   To  better 
understand  the  intracellular  location  of  LTA  in  mesosomes  of  Gram-positive 
bacteria,  we  have  examined  several  streptococcal  strains:  S.  faecalis  9790 
(where  a  controversy  exists  regarding  the  localization  of  LTA) ;  S .  mutans  BHT 
(an  excessive  producer  of  extracellular  LTA);  and  £.  sanguis .  We  have  also 
tested  2  staphylococcal  strains  and  Bacillus  licheniformis.   In  all  these 
strains  the  mesosome  always  had  the  highest  level  of  LTA  (mg  of  LTA  per  mg  dry 
weight  of  fraction). 

A  major  problem  during  these  studies  has  been  the  recovery  of  LTA.   Often, 
particularly  with  some  of  the  streptococcal  strains,  only  a  small  fraction  of  the 
LTA  extractable  from  whole  cells  was  recovered  as  the  sum  of  LTA  extractable 
from  the  various  cell  fractions.   Examples  of  low  yield  are:  1)  S.  faecalis 
9790  where  recovery  of  LTA  was  less  than  10%  in  two  separate  fractionations; 
2)  ^.  sanguis  where  recovery  in  all  cell  fractions  was  25%  of  the  whole  cells. 
The  variable  recovery  of  LTA  could  have  been  due  to  a  number  of  factors: 
1)  incomplete  extraction;  2)  losses  of  LTA  during  protoplasting  and  preparation 
of  fractions  (enzymatic  destruction);  3)  variation  of  LTA  content  of  cells 
during  growth.   The  previous  extraction  procedure  was  improved  by  initially 
defatting  unbroken  cells  on  filter  paper  with  suction  instead  of  centrifugation. 
Care  was  taken  to  avoid  drying  of  this  sediment  until  after  ether  extraction. 
The   Sorvall  Omnimixer  was  used  for  improved  mixing  in  the  subsequent  cold 
aqueous  phenol  extraction.   Treatment  of  this  extract  with  DNAse  and  RNAse 
was  followed  by  separation  of  the  LTA  from  small  molecular  wieght  (MW)  molecules 
on  Sepharose   6B  columns.   A  standard  high  MW  fraction  thus  recovered  was 
measured  by  dry  weight,  and  by  glycerol  and  phosphate  determinations.   It 
gave  glycerol  to  phosphate  ratios  near  unity,  which  is  characteristic  of  LTA; 
and   thus  allows  rapid  and  direct  assay  by  dry  weight. 

The  improved  extraction  and  assay  procedure  has  been  tested,  along  with  several 
other  procedures,  on  a  common  batch  of  ^.  aureus  6538? .   The  yield  of  LTA  from 
whole  cells  was  the  same  as  that  from  Braun  disintegrated  cells,  and  from  whole 
cells  extracted  by  a  different  hot  phenol  procedure  .   Duplicate  samples  and 
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different  amounts  of  cells  gave  the  same  cellular  values.   Using  this  improved 
procedure  we  examined  the  LTA  content  of  whole  cells  of  S.  aureus  6538P, 
S^.  aureus  Lafferty,  and  ^.  faecalis  9790  during  growth.  The  highest  levels  of 
LTA  were  in  the  early  logarithmic  phase  cells.   These  high  values  of  13-18  mg 
LTA  per  gram  of  cells  (dry  weight)  rapidly  decreased  to  a  level  of  0.7-1.6  mg 
LTA  per  gram  of  cells  for  stationary  phase  cells.   In  these  strains  there  is  a 
direct  relationship  between  growth  rate  (by  turbidity  measurement)  and  lipo- 
teichoic  acid  content  in  the  cell. 

Others  have  shown  that  LTA  (in  £.  aureus  H)  acts  as  a  template  for  the  synthesis 
of  a  polymer  (LTA-TA)  in  which  LTA  is  attached  to  TA.   Our  results,  showing 
the  close  relationship  between  LTA  and  growth  rate,  point  to  the  possibility 
that,  in  some  bacteria,  LTA  acts  as  a  control  mechanism  for  cell  wall  growth. 
We  hope  to  test  this  theory  further  by  studying  the  relationship  of  LTA  content 
to  cell  growth  rate  during  the  onset  of  rapid  growth.   Growth  rate  will  be 
measured  by  increase  in  cell  wall  weight  and  in  cell  wall  teichoic  acid.   Other 
experiments  will  be  designed  to  test  whether  bacterial  cell  wall  growth  rate  is 
controlled  by  the  LTA  level.   A  new  control  mechanism  for  bacterial  cell  wall 
formation  would  offer  the  possibility  of  a  site  for  action  of  a  new  class  of 
antibiotics. 

Serum  antibodies  produced  during  staphylococcal  endocarditis  react  with  both 
LTA  and  TA.   We  were  interested  in  determining  whether  these  were  cross-reacting 
antibodies  or  specific  antibodies  reacting  to  cross-contaminated  LTA  and  TA 
preparations,  because  of  their  potential  in  clinical  diagnosis.   In  order  to 
further  understand  the  antigenic  nature  of  LTA  and  its  reaction  with  anti-LTA 
antibody,  we  tested  all  our  cell   fractionation  samples  with  both  anti- 
polyglycerol  phosphate  (backbone)  antibody  and  rabbit  anti-staphylococcal 
mesosome  antisera  (which  contains  antibodies  directed  to  groups  on  the  LTA  other 
than  the  polyglycerol  phosphate  backbone).   Antibody  can  be  used  to  measure 
LTA  by  testing  the  amount  of  LTA  required  to  inhibit  passive  hemagglutination 
(PHAI)  of  LTA-coated   red  cells  by  a  standardized  antibody  dilution.   LTA, 
extracted  from  bacterial  cell  fractions  (mesosome,  membrane,  periplasm, 
cytoplasm)  was  measured  by  both  the  PHAI  test  and  determination  of  glycerol 
content.   The  ratio  of  glycerol  to  PHAI  titer  was  constant  for  the  LTA  extracted 
from  each  cell  fraction,  as  well  as  for  whole  cell  extracts.   However,  this 
ratio  increased  in  whole  cell  extracts  of  S^.  faecalis  9790  during  growth — 
as  a  result  of  a  marked  fall  (20-fold)  in  PHAI  titer  and  a  minimal  drop 
(2-fold)  in  glycerol  level.   Possible  explanations  for  this  phenomenon  include: 
(1)  a  loss  in  cell  content  of  LTA  (during  growth)  coupled  with  a  constant  level 
of  contaminating  non-LTA  glycerol  in  the  LTA  extract;  (2)  alteration,  or  masking 
by  other  extractable  components,  of  LTA  during  growth,  resulting  in  decreased 
reactivity  with  antibody.   Using'  the  described  new  procedures  for  extraction 
and  assay,  we  will  re-examine  this  phenomenon.   It  does  not  appear  universal, 
because  similar  changes  in  glycerol/PHAI  ratio  were  not  observed  during  growth 
of  S.    sanguis  SBE  I/II. 
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SUMMARY  OF  WORK  (200  wo^rds  or  less  -  underline  keywords) 

The  purpose  of  this  project  is  to  correlate  membrane  structure  with  function 
in  Gram  positive  bacteria  using  Staphylococcus  aureus  as  the  model  test  system. 
The  goal  is  to  define  the  function  (or  functions)  of  mesosomes.   The  topics  of 
present  interest  are:   chemical  and  immunochemical  localization  of  lipoteichoic 
acid  in  S.  aureus ;  characterization  of  the  structure  of  lipoteichoic  acid;  and 
analysis  of  the  steps  involved  in  lipoteichoic  acid  biosynthesis  and  its 
possible  function  as  related  to  the  mesosome. 
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Project  Description: 

1.  The  membrane  system  of  S^.  aureus  and  other  Gram  positive  bacteria  consists 
of  a  plasma  membrane  and  mesosomes Tintracytoplasmic  membranous  organelles). 
The  objective  of  this  study  is  to  isolate  the  two  membrane  fractions  and 
analyze  their  ultrastructure,  chemical  composition  and  enzymatic  activities 
in  an  attempt  to  determine  the  function  (or  functions)  of  mesosomes. 

Lipoteichoic  acid  (LTA),  a  linear  polj^raer  composed  of  glycerol  phosphate 
repeating  units  with  a  phosphorylated  glycolipid  attached  to  the  distal  end 
of  the  molecule  was  shown  by  others  to  function  as  an  acceptor  molecule  in 
the  synthesis  of  wall  teichoic  acid.  We  have  shown  by  chemical  analysis 
that   isolated  staphylococcal  mesosomal  vesicles,  under  a  variety  of  conditions, 
contain  almost  all  of  the  LTA  present  in  the  cell.   Attempts  to  confirm  this 
phenomenon  by  serological  methods  and  immunoelectronmicroscopic  localization 
have  not  been  as  successful.   Antisera  prepared  against  whole  cells,  membranes 
and  mesosomal  vesicles  were  tested  against  purified  LTA  antigen  (chloroform/ 
methanol-cold  aqueous  phenol  extraction  followed  by  Sepharose  6b  column 
chromatography).   Of  those  tested,  mesosomal  antisera  gave  the  strongest 
precipitin  band,  and  also  the  highest  titer  as  measured  by  a  passive  hemaggluti- 
nation inhibition  test  (PHl).   Absorption  of  mesosomal  antisera  with  membranes 
resulted  in  a  total  loss  of  activity  as  measured  by  precipitin  band  formation. 
Antisera  prepared  to  purified  LTA  (chloro form/me thanol-hot  water  extraction 
followed  by  Sepharose  6b  column  chromatography)  gave  a  single  strong  precipitin 
band  with  homologous  antigen;  however,  these  antisera  failed  to  form  a 
precipitin  band  with  cold  aqueous  phenol-extracted  or  deacylated  LTA.   The 
data  shows  that  the  reactivity  of  the  LTA  antisera,  as  well  as  the  mesosomal 
antisera,  is  not  directed  towards   the  polyglycerol  phosphate  backbone  portion 
of  the  molecule,  but  to  the  protein  portion  associated  with  the  hot  water 
extraction  (cold  aqueous  phenol-extracted  LTA  and  deacylated  LTA  contain  one- 
third  the  amount  of  portein  present  in  hot  water  extracts).   Although  the  mode 
of  attachment  of  this  protein  to  LTA  is  unknown,  it  is  also  present  in  membranes 
since  we  had  shown  in  earlier  studies  by  polyacrylamide  gel  electrophoresis 
that  only  quantitative  differences  existed  between  mesosomal  and  membrane 
proteins.   LTA  prepared  by  hot  aqueous  phenol  extraction  (70  C)  contains  less 
than  3%  protein.   Treatment  of  this  material  with  proteolytic  enzymes  to 
remove  residual  native  proteins,  followed  by  coupling  to  a  foreign  protein 
(methylated  serum  albumin)  and  a  prolonged  immunization  schedule  may  yield  an 
antigen  capable  of  producing  antibodies  specific  for  the  polyglycerol 
phosphate  backbone  protion  of  LTA. 

The  chemical  localization  of  LTA  in  mesosomal  vesicles  appears  to  be  well 
established  and  continued  efforts  on  the  immunochemical  localization  of  LTA 
should  resolve  the  problem  whether  LTA  is  associated  with  mesosomal  vesicles 
in  situ.   Since  mesosomes  arise  from  the  membranous  septum  and  precede  cross- 
wall  formation,  and  contain  all  of  the  LTA:  it  appears  that  these  organelles 
may  play  a  vital  role  as  active  sites  of  LTA,  cell  wall  and  membrane  bio- 
synthesis. 
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The  planned  course  of  this  project  will  include  continued  efforts  on  the 
preparation  of  highly  specific  antisera  for  the  serological  and  iramuno- 
electronmicroscopic  localization  of  LTA  in  intact  cells.   Also,  studies  will 
be  initiated  on  the  involvement  of  mesosomal  vesicles  in  the  biosynthesis  of 
LTA  and  their  function. 

2.  S^.  aureus  fractions  (heat  killed  cells,  membranes,  mesosomes,  cytoplasm, 
periplasm)  wera  tested  to  determine  whether  they  could  act  as  adjuvants 
when  administered  to  leukemic  mice  (Moloney  lymphoid  leukemia  line,  LSTRA) 
which  were  in  chemo therapeutically  induced  remission  tl,3-bi8(2-chloroethyl) 
-l-nitro80urea,  BCNU].   Combined  treatment  with  BCNU  and  staphylococcal 
membranes  (or  mesosomes)  resulted  in  an  extended  period  of  remission  and 
significant  number  of  survivors  (50-70%);  whereas,  treatment  with  either  BCNU 
or  membranes  alone  was  ineffective.   The  mechanism  whereby  survival  of  the 
leukemic  mice  was  prolonged,  as  a  result  of  combined  chemotherapy  and  adjuvant, 
is  probably  due  to  an  immunological  response.   Present  studies  are  underway 
using  staphylococcal  membranes  as  adjuvant  in  irradiated  tumor  cell  vaccines, 
(in  collaboration  with  M.  A.  Chirigos,  NCI) 

3.  Cryptococcus  neoformans   isolates  belonging  to  serotypes  B  and  C  are 
biochemically  distinct  from  serotypes  A  and  D  with  respect  to  malic  acid 
utilization  and  creatinine  metabolism.   Malic  dehydrogenase  activity  was 
similar  for  each  serotype  tested;  however,  the  uptake  of  radiolabelled 
L-malic  acid  was  approximately  10  fold  greater  in  serotypes  B  and  C  than 
in  A  and  D  isolates.   These  latter  serotypes  apparently  lack  an  active 
transport  mechanism  for  the  uptake  of  malic  acid  and  other  dicarboxylic  acids. 
Serotypes  B   and  C  utilize  creatinine  as  the  sole  nitrogen  source  with  the 
accumulation  of  ammonia  in  the  medium  and   an  elevated  pH .   On  the  other  hand, 
serotypes  A  and  D  also  utilize  creatinine  but  fail  to  produce  ammonia  or  a 
change  in  pH.   The  data  suggests  alternate  pathways  in  the  metabolism  of 
creatinine  by  these  groups  of  isolates.   (In  collaboration  with  J.  E.  Bennett 
and  J.  Kwon-Chung,  NIAID) 

Publications : 

Chirigos,  M.  A.,  and  Theodore,  T.  S.:   The  effect  of  immune  modulators  on 
the  oncogenic  process:  adjuvant  effect  of  Staphylococcus  aureus  in  treating 
murine  leukemia.   Ann.  N.  Y.  Acad.  Sci.  276:  513-519,  1976. 

Bennett,  J.  E.,  Kwon-Chung,  K.  J.,  and  Theodore,  T.  S.:   Biochemical  differences 
between  serotypes  of  Cryptococcus  neoformans .   Sabouradia  (in  press) 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  project  provides  support,  through  preparative  techniques  (negative 
staining,  thin  sectioning)  and  subsequent  examination,  for  Laboratory  and 
Collaborative  microbiological  studies  requiring  transmission  electron 
microscopy.   Objects  of  ultraetructural  study  include  mycoplasmas  and  their 
viruses ;  streptococci  and  their  bacteriophages ;  staphylococci ;  bacilli ; 
gram-negative  bacteria;  fungi ;  and  various  cell  fractions  thereof,  examined 
by  means  of  cytochemistry  and  immunoelectron  microscopy. 
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Cooperating  Units: 

Laboratory  of  Parasitic  Diseases,  NIAID,  Host-Parasite  Relations  Section 
(Dr.  C.  S.  Richards) 

Laboratory  of  Infectious  Diseases,  NIAID,  Mycoplasma  Section  (Dr.  J.  G.  Tully) 

Bureau  of  Biologies,  FDA,  Division  of  Bacterial  Products  (Dr.  M.  F.  Barile) 

Laboratory  of  Clinical  Investigations,  NIAID,  Clinical  Mycology  Section 
(Dr.  K,  J.  Kwon-Chung) 

Project  Description: 

Objectives  are  to  provide,  as  required,  electron  microscopy  facilities  in 
support  of  other  projects  in  the  Laboratory;  and  to  conduct  such  original 
and  in  depth  studies  of  the  ultraetructure  of  micro-organisms  as  may  be 
engendered  by  collaborative  beginnings  or  by  independent  approach  to  problems. 

1.  We  continued  monitoring  of  20  strains  of  spiroplasmas ,  carried  continuously 
in  culture,  for  occurrence  of  viruses.   Most  frequent  efforts  were  devoted  to 
examination  of  plate  washes,  infected  culture  supemates,  and  materials 
banded  by  density  gradient  centrifugations ,  in  studies  adjunct  to  propagation, 
purification,  and  characterization  of  virus  SVC3.(See  Project  No.  ZOl  AI 
00007-3  LSD). 

2.  Extensive  attempts  to  induce  an  apparently  non-lysogenic  strain  (64x402) 
of  Group  A  streptococci,  which  nevertheless  produces  an  erythrogenic  toxin, 
were  monitored  foi  bacteriophage,  and  were  consistently  negative.   (See 
Project  No.  ZOl  AI  00005-12  LSD)   Specialized  photographic  services,  to 
illustrate  results  of  immunodiffusion  tests  in  this  project,  were  also  supplied. 

3.  Isolation  and  purification  of  bacteriophages  from  Streptococcus  sanguis 
(Dr.  Moynet:  ZOl  AI  00006-6  LSD)  was  followed  by  EM  for  occurrence,  morphology, 
purity,  and  intactness  of  the  phages  produced. 

4.  Ultrastructural  studies  initiated  earlier  (See  Annual  Report  1970-71) 
on  a  unique  bacterium  infecting  an  African  snail,  Bulinus  jousseaumei,  were 
completed  and  submitted  for  publication.   The  3-6  pm  rod-shaped,  non-motile 
microorganism,  found  in  packets  in  nodules  in  superficial  tissues  of  infected 
snails,  is  dimorphic.   One  form,  which  appears  to  give  rise  to  the  other,  is 
a  simple  Gram-negative  bacterium;  the  other  possesses  a  specialized  "head" 

at  one  end,  from  which  emerge  about  30  rigid,  cored,  thick  (av.  30  nm  diameter) 
flagellar  like  filaments  as  long  as  the  bacterium.   Subunits  (5-6  nm  diameter) 
arranged  in  a  steep  right-handed  helix,  comprise  the  outer  component  of  the 
filaments,  and  the  core  is  approximately  10  nm  in  diameter.   The  bacterium 
hus  not  been  cultured,  but  is  transmissible  in  33-84  days  from  infected  snails 
to  clean  snails  of  the  same  genus  (but  not  other  genera)  maintained  in  the 
same  container.   No  overt  disease  (except  nodules),  nor  interference  with 
longevity  or  reproduction,  resulted;  and  the  infection  was  not  transmitted 
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rrnnBovarially .   The  taxonomic  position  of  this  bacterium  is  unknown,  but 
no  microorganism  with  these  ultrastructural  characteristics  was  previously 
known . 

5.  Additional  thin  sections  of  mycoplasma-infected  BSC-1  kidney  cells  in 
culture  confirmed  the  presence  of  numerous  extracellular  microorganisms  and 
the  absence  of  intracellular  ones.   Some  mycoplasmas   isolated  from  monkeys , 
and  showing  suspicious  colony  morphologies,  were  examined  in  thin  section  for 
intracellular  viruses — with  negative  results.   (Dr.  Barile) 

6.  Thin  sections  of  isolate  RG2C  (from  ground  squirrels)  established  a 
membrane-bounded,  wall-less  prokaryotic  ultrastructure,  and  provided  evidence, 
in  addition  to  cultural  and  biochemical  criteria,  that  the  isolate  is  a 
mycoplasma.   Sections  of  Mycoplasma  gallisepticum  confirmed  the  unipolar 
"bleb"  structure  of  this  organism,  and  supplied  photographs  for  teaching 

and  illustrative  purposes.   (Dr.  Tully) 

7.  Fixation,  embedment,  and  special  sections  of  Filobasidiella  neoformans, 
for  use  in  high  voltage  electron  microscopy  elsewhere,  were  supplied  for 

Dr .  Kwon-Chung . 

8.  Experiments  on  the  reality  or  "induction"  of  mesosomes,  in  Staphylococcus 
aureus ,  by  use  of  different  combinations  and  concentrations  of  primary 
(osmium,  glutaraldehyde,  uranyl  acetate)  and  secondary  fixations  (osmium, 

or  none),  were  initiated.  Early  results,  though  not  well  quantitated,  suggest 
little  difference  in  presence  or  numbers  of  mesosomes  shown  by  different 
combinations.   Statistical  evaluation  may  be  required,  and  effects  on  isolated 
raesosome  and  membrane  fractions  will  also  be  tested. 

Projects  will  be  continued  or  curtailed,  as  appropriate. 
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The  long  range  goal  of  this  project  is  study  of  mechanisms  of  genetic  exchange ■ 
in  Group  A  streptococci,  emphasizing  transduction  and  lysogenic  conversion;  ] 
and  to  investigate  how  altered  or  new  genetic  information  can  affect  patho-  I 
genicity  or  other  characteristics  of  these  bacteria.  Ongoing  studies  have  ! 
shown  production  of  an  erythrogenic  toxin  (type  B)  by  a  non-lysogenic  strain,  | 
and  production,  in  addition,  of  a  different  toxin  (type  C)  by  this  strain  j 
after  lysogenization  by  a  phage  from  a  C-producing  strain.  These  findings  i 
suggest  that  production  of  some  erythrogenic  toxins  may  be  determined,  as  I 
previously  believed,  by  lysogeny;  but  that  the  genetic  coding  for  others  ' 
resides  elsewhere  than  on  prophage.   Efforts  to  locate  this  site  are  in  progress. 
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Project  Description: 

Our  long-standing  objective  has  been  to  determine  mechanisms  of  genetic  ex- 
change in  Group  A  streptococci  and  to  define  the  characteristics  thus 
affected.   One  such  possible  mechanism  is  lysogenic  conversion,  which  has 
been  invoked  by  others  as  essential   to  production  of  streptococcal  erytho- 
genic  toxin  (ET:  apparently  synonymous  with  streptococcal  pyrogenic  exotoxin, 
or  SPE).   In  our  previously-reported  studies  showing  nearly  100%  lysogeny 
among  Group  A  streptococci,  the  2  non-lyaogenic  strains  (both  of  M-type  23) 
were  tested  for  several  attributes:  both  appeared  to  produce  an  ET,  as 
determined  by  skin  tests  in  rabbits,,  and  this  year's  efforts  have  been 
directed  to  confirmation  and  explanation  of  these  results. 

Only  one  strain  (64x402)  was  studied  extensively.   Repeated  attempts  at 
induction  by  mitomycin  C,  heat, and  UV  irradiation  failed  to  reveal  phage — 
either  by  gross  lysis,  spotting  on  lawns  of  4  known  indicator  strains,  or 
by  electron  microscopy  of  cell  pellets  and  ultracentrifuged  culture  super- 
nates.  Nevertheless,  intradermal  tests  in  rabbits  with  extracellular 
material  from  18  hr  broth  cultures  produced  erythematous  reactions  that  were 
prevented  by  prior  addition  of  appropriate  amounts   of  a  World  Health 
Organization  (WHO)   standard  antitoxin.  For  further  study  of  the  nature  and 
identity  of  the  toxin,  we  employed  double  immunodiffusion  in  agar  (Ouchterlony 
tests) — utilizing  ammonium  sulfate-precipitated  supernates  of  18  hr  cultures 
grown  in  a  dialysate^ medium  versus  several  antisera.  These  latter  included 
a  NIH  standard  antitoxin,  the  WHO  standard  antitoxin,  and  an  anti-SPE  to 
toxins  A  and  C.   The  first  (being,  probably,  too  old)  gave  no  reaction, 
and  various  but  inconsistent  results  were  obtained  with  the  others  when 
tested  against  strains  64x402,  C203U  (produces  toxins  C  and  D) ,  NY5  (toxins 
A  and  B) ,  594  (toxin  A),  T19  (Toxin  B) ,  T18  (toxin  C),  and  402/AT203U  (strain 
64x402  lysogenized  with  phage  from  strain  C203U) .   Therefore,  we  resorted  to 
use  of  monospecific  antisera  to  toxins  A,  B,  and  C  (kindly  supplied  by 
Dr.  D.  W.  Watson,  University  of  Minnesota).   These  proved  to  be  specific 
when  tested  against  the  appropriate  producer  strains,  and  identified  a 
single  toxin  in  strain  64x402  as  type  B.   Furthermore,  the  lysogenized 
derivative  (402/AT203U)  produced,  in  addition,  a  type  C  toxin — apparently 
acquired  from  strain  C203U  through  lysogenization. 

These  results  suggest  that, contrary  to  previous  opinion,  lysogenization  is 
not  essential  to  production  of  all  erythrogenic  toxins — although  it  may  be  a 
mechanism  for  some.   Future  work  will  utilize  better  methods  (i.e.,  differential 
solubility  in  ethanol  and  acetate  buffer)  for  toxin  extraction  and  purifi- 
cation, characterization  of  toxins,  exploration  of  possibilities  for  curing 
lysogeny  and  for  conferring  production  of  other  toxins  by  lysogenization, 
and  attempts  to  localize  the  site  of  genetic  coding  (i.e.,  host  cell  genome, 
or  plasmid)  for  B  toxin. 
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This  project  has  as  a  goal  to  study  the  mechanism  by  which  Lancefield's 
group  H  streptococcal  cells  take  up  deoxyribonucleic  acid  (DNA)  molecules 
from  their  surroundings.   This  particular  genetic  exchange  process  is  call 
transformation.   Transformation  also  involves  studying  the  physiology  and 
enzymology  of  competence  development.   Competence  is  the  term  used  to 
describe  the  condition  cells  are  in  that  enables  them  to  react  with  DNA. 

Not  nil  DNA  molecules  arc    taken  up  by  competent  cells.   The  reason  for  this 
iH  not  rlcnr  .inil  Ih  .-in  tircn   of   current  intenst  .   A  study  is  bring  made 
conciTuiuK  Llio  iiiLorMCtiou  between  competent  colis  and  liomologous  and  hoterolo||ousJ 
DNA  preparations.   Tlie  latter  are  derived  from  relatt-d  and  unrelated  bacteria 
/m<l  bacterial  viriiHes  (|)h;iges). 
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Project  Description: 

The  object  of  this  work  is  to  study  the  mechanism  by  which  competent  strepto- 
coccal cells  take  up  DNA  molecules  that  are  free  in  solution.   Standard 
microbiological  methods  are  employed  as  well  as  centrifuging  DNA  preparations 
in  sucrose  or  cesium  chloride  density  gradients. 

Last  year  I  showed  that  DNA  binding  to  competent  cells  and  its  subsequent 
uptake  was  a  pH  dependent  reaction  and  occurred  optimally  below  pH  7.   Using 
a  pH  of  6.5,  I  devised  a  basic  medium  in  which  competent  cells  bind  DNA  but 
they  can  not  process  it  further  unless  it  is  supplemented  with  calcium. 
Calcium  (supplied  as  the  chloride)  is  essential  for  the  entire  DNA  uptake 
process.   DNA  uptake  includes  (i)  binding  of  the  molecules  to  the  cells  in  a 
DNAse  sensitive  fashion,  (ii)  the  molecules  becoming  DNAse  resistant,  and 
(iii)  production  of  acid-soluble  fragments  from  the  DNA  molecules  either  as 
they  are  being  taken  up  or  after  they  are  taken  up.   After  homologous  variant 
DNA  is  taken  up  by  competent  cells  they  may  undergo  a  genetic  change. 
Calcium  therefore,  enhances  (iv)  transformation. 

Magnesium  (Mg) ,  manganese  (Mn),  and  barium  (Ba)  (supplied  as  chlorides)  could 
not  replace  calcium.   Mg  and  Mn  inhibited  steps  i,  ii,  and  iv  above;  Ba 
inhibited  steps  ii,  iii,  and  iv.   The  data  obtained  thus  far  suggest  that 
step  iii  involves  two  different  nucleases,  one  activated  by  calcium  and  the 
other  by  Mg  or  Mn.  These  nucleases  are  associated  with  competent  cells  and 
are  not  found  free  in  their  menstrua.   They  may  also  be  induced  by  competence 
factor. 

Chelators  such  as  EDTA  and  EGTA  inhibit  steps  ii,  iii,  and  iv.   These  inhibitors 
cannot  bo  reversed  with  Ca  or  Mg.  Possibly  there  are  other  cations  that  are 
esHantial  for  the  proceas .   These  are  being  sought. 

Analysis  of  DNA  that  was  bound  to  competent  cells  in  low  calcium  medium  (step 
i  above)  showed  that  this  DNA  contained,  on  the  average,  5  to  7  additional 
single  strand  cuts  or  nicks.   (DNA  as  isolated  from  cells  contain,  on  the 
average,   2  to  4  nicks.)   The  enzymes  responsible  for  nicking  DNA  are  also 
cell  associated.   These  too  may  be  induced  by  competence  factor.   There  was 
no  increase  in  double  strand  nicks. 

Analysis  of  DNA  that  was  bound  to  competent  cells  in  excess  calcium  showed 
that  it  underwent  massive  destruction.  On  the  average,  1700  double  strand 
cuts  were  made  and  300  single  strand  cuts. 

When  nonhomologous  DNA  (derived  from  coliphage  T7)  was  used  for  the  above 
experimrnts  it  did  not  bind  to  competent  cells  when  calcium  was  limiting. 
A  similar  observation  was  made  when  DNA  from  an  Haemophilus  influenzae  phage 
(N3)  was  used.   Neither  of  these  DNAs   are  nicked.   It  is  currently  thought 
that  for  DNA  to  bind  to  competent  cells  in  low  calcium  it  must  contain  some 
single  strand  cuts.   This  is  being  investigated. 

Dr.  Jablonska  has  been  working  in  my  laboratory  purifying  N3  phage  and  its  DNA. 
An  initial  problem  was  to  obtain  high  j^age  titers.   By  changing  the  growth 
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medium  of  H.  influenzae  from  brain  heart  infusion  to  Eugon  broth  we  can  now 
obtain  over  lO'-^  phage  per  ml  after  induction  with  Mitomycin  C.   This  amounts 
to  over  a  10-fold  increase.   The  DNA  of  N3  is  aleo  of  interest  since  it  has 
"sticky"  ends  and  can  circularize.   Its  molecular  weight  is  25  x  10°  daltons 
and  it  readily  forms  dimers,  trimers ,  etc.   It  is  being  characterized. 

Dr.  Moynet  has  been  purifying  temperate  phages  from  Lancefield's  group  H 
streptococci  and  in  the  future,  we  will  test  their  purified  DNAs  in  the  above 
system. 

Since  competent  streptococci  degrade  during  the  process  of  transformation,  about 
80%  of  the  applied  DNA  to  acid-soluble  products  the  question  remains,  how 
do  these  cells  undergo  transfection?   Transfection  is  the  production  of  virus 
infective  centers  obtained  by  treating  competent  cells  with  viral  DNA.   This 
later  phenomenon  is  more   stringent  in  its  requirements  since  a  complete  set 
of  viral  information  is  required.   How  this  is  accomplished  when  80%  of  the 
applied  DNA  is  degraded  is  unknown. 

The  above  work  will  help  in  understanding  some  of  the  problems  that  exist 
between  DNA  uptake  and  recombination  or  expression. 
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The  aim  of  this  project  is  to  characterize  viruses  of  mycoplasmas , 
especially  those  3  found  in  spiroplasmas.   One  such  virus  (SVC3)  previously 
plaqued  on  indicator  lawns  of  Spiroplasma  citri,  was  propagated  in  indicator 
broth  cultures  and  purified  by  density  gradient  centrifugations .   It  contains 
5  structural  proteins  of  aggregate  molecular  weight  393,000;  and  its  nucleic 
acid  is  linear  double-stranded  DNA  of  molecular  weight  14  x  10^  daltons.   The 
DNA  can  trans  feet  indicator  cells.   Rabbit  antiserum  to  the  virus  neutralizes 
plaque-forming  cnpncity  »n<\,    na   floc»n  by  immunoglectronmicroBCopy,  adheres  to 
and  aggiutinaCeH  virions.   Theae  properties  are  the  same  for  virus  Isolated 
from  eitht'r  S.  citri  or  from  the  auckling  mouse  cataract  spiroplasma.   Studies 
of  absorption,  growth  characteristics,  and  other  properties  of  the  DNA,  are  in 
progress . 
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Project  Description: 

Objectives  in  the  time  period  covered  were  to  produce  in  quantity,  purify, 
and  characterize  SVC3,  a  short-tailed  polyhedral  virus  previously  detected  in 
several  spiroplasmas  and  shown  capable  of  forming  plaques  on  lawns  of  several 
strains  of  Spiroplasma  citri. 

SVC3  from  both  strain  608  of  S^.  citri  and  strain  SMCA  of  the  suckling  mouse 
cataract  spiroplasma  produced  plaques  consistently  on  lawns  of  strain  750  of 
S.  citri.   Accordingly,  6  hr  broth  cultures  of  this  indicator  strain  were 
Tnfected  at  2%  (v/v)  with  filtered  plate  washings  of  either  virus  and  incubated 
at  32  C  until  electron  microscopy  (EM)  showed  optimum  virus  production.   At 
this  time  (4-5  days),  the  Millipore  filtrate  (0.22  ym)  of  the  culture  super- 
natant was  precipitated  by  addition  of  6%  (w/v)  of  polyethylene  glycol.   After 
overnight  storage  at  4  C,  the  precipitate  was  sedimented  and,  in  Tris-HCl 
buffer  plus  a  non-ionic  detergent,  layered  onto  15-60%  preformed  gradients  of 
Metrizamide,  or  mixed  with  solid  cesium  chloride  (0.6  g/ml)  in  self-generating 
gradients.   Centrifugation  of  the  former  at  189,000  x  g  for  6  hr,  or  of  the 
latter  at  150,000  x  g  for  48  hr,  resulted  in  sharp  lowermost  bands  at  buoyant: 
densities  of  1.31  g/cm^  and  1.45  g/cm-^,  respectively. 

By  EM,  the  former  was  seen  to  contain  intact  virions,  and  the  titer  was 
1  x  10^2  plaque-forming  units/ml.   The  latter  contained  mostly  empty  particles 
extruding  strains  presumed  to  be  nucleic  acid;  this  was  confirmed  by 
Kleinschmidt  spreading  and  shadowing  methods,  and  disappearance  of  the 
strands  after  treatment  with  DNAase.   Standard  phenol  extraction  of  either 
preparation  produced  material  which,  on  examination  by  the  Kleinschmidt  method 
in  aqueous  conditions,  showed  extended  linear  molecules  sensitive  to  DNAase, 
and  therefore  representing  double-stranded  DNA.   From  contour  length  measure- 
ments (averaging  7.2  +  0.32  ym) ,  the  molecular  weight  of  the  DNA  was  calculated 
to  be  approximately  14  x  10^  daltons,and  to  contain  14  genes.   This  DNA  was 
also  shown  (By  Dr.  Jablonska)  to  be  capable  of  transfecting  indicator  (750) 
cultures   directly  to  produce  progeny  virus. 

Purified  virus  was  treated  with  sodium  dodecyl  sulfate  (SDS)  and  2-mercapto- 
cthanol  and  electrophoresed  on  SDS-polyacrylamide  gels.   Both  SVC3/608  and 
SVC3/SMCA  contained  5  bands  of  structural  proteins  of  molecular  weights 
130,000;  110,000;  76,000,  48,000;  and  38,000  or  393,000  in  the  aggregate. 
This  molecular  weight  of  protein  was  calculated  to  require  7.1  x  10"  daltons 
of  double-stranded  DNA  for  production,  or  51%  of  the  total  coding  capacity 
of  this  viral  DNA. 

Antiserum  raised  in  rabbits  to  SVC3/608  reacted  with  both  the  homologous 
virus  and  SVC3/SMCA,  as  detected  by  absence  of  plaque  formation  (neutralization) 
and  by  immunoelectronmicroscopy.   Relative  neutralization  titers  (K  values) 
and  reciprocal  tests  with  antiserum  to  SVC3/SMCA,  remain  to  be  done. 

No  other  spiroplasmaviruses  have  been  propagated  nor  characterized,  and  the 
molecular  weights  of  double-stranded  DNA's  known  to  be  present  in  two 
Acholeplasma  viruses  are  unknown.   Our  results  make  available  only  the  fourth 
known  bacterial  virus  containing  double-stranded  DNA  of  molecular  weight  less 
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than  15  x  10  daltons.   It  will  be  useful  in  probing,  in  a  wall-less  prokaryote, 
mechanisms  of  infection,  replication,  and  transcription.  Ongoing  and  planned 
work  will  include  studies  of  virus  absorption,  one-step  growth  curves,  antigen- 
antibody  re&ctions,  and  further  characterization  of  the  DNA  by  melting  point, 
buoyant  density,  endonuclease  fragmentation,  and  heteroduplex  formation. 

Publications : 

Nugent,  K.  M. ,  and  Cole,  R.  M. :   Characterization  of  Group  H  streptococcal 
tflmpornte  bacteriophage  ^227.   J.  Virol.  21:  1061-1073,  1977. 

Cole,  R.  M. :   Spiroplaama  viruses.   In  Dalton,  A.  J.,  Hagenau,  F.,  and 
Maramorosch,  K.  (Eds.):   Insect  and  Plant  Viruses;  An  Atlas.   New  York, 
Academic  Press,  1977,  pp.  451-464. 

Cole,  R.  M. :  Mycoplasma  viruses.   In  Laskin,  A.  I.,  and  Lechavalier,  H.  A. 
(Eds.):   CRC  Handbook  of  Microbiology,  Vol.  II.  Fungi,  Algae,  Protozoa, 
and  Viruses,  2nd  Edition.   Cleveland,  Ohio,  CRC  Press,  19^7  (In  Press). 


';C0 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Oo  NOT  u^e  thib  space) 


U.S.  DEPARTMENT  (JF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  fESEAROH  PROJEpT 


PROJECT  NUMBER 

ZOl  AI  00008-3  LSD 


PERIOD  COVERED 

July  1,  1976  to  September  30,  1977 


TITLE  OF  PROJECT  (80  characters  or  less) 

Studies  on  pathogenesis  of  gonococcal  infection. 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PLHSONNLL  ENGAGED  ON  THE  PROJECT 

PI:  H.  L.  Edmonds         Research  Associate     LSD,  NIAID 

Other:  R.  M.  Cole  Chief,  LSD  LSD,  NIAID 


COOPERATING  UNITS  (if  any) 

None 

LAB/bHANCH 

Laboratory  of  Streptococcal  Diseases 


SECTION 


INSTITUTE  ANO  LOCATION 

_  NIAID,  NIH,  Bethesda.  Md.  20014 

t6tAL"MANYLAH:;i  |   i'HOFESSIONALi  lOTHERi 


0  I  0      I  0         

^.IIMMAHY  Oh  WORK  (200  wor<1',  or  Ir--,-.  -  underline  keywords) 

Project  has  been  terminated  due  to  departure  of  principal  investigator. 
See   July  1,  1975  to  June  30,  1976  Annual  Report. 


f^"0 


PHS-b040 
(12-7'j) 


LABORATORY  OF  BIOLOGY  OF  VIRUSES 
1977  Annual  Report 
Table  of  Contents 


ZOl-AI 
Project  Number 


Page 


Summary 
00122-03 


00123-11 


00124-08 


00125-08 


00126-04 


00127-10 


00  I  28- 1 0 


00129-07 


00156-02 


Biochemical  Characterization 
of  Papovavirus  Genomes  in  Lytically 
Infected  and  Transformed  Mammalian 
Cells.  —  Martin 

Messenger  RNA:  Structure,  Synthesis 
and  Function.  —  Moss 

Replication  of  the  Parvovirus 
KRV .  —  Salzman 


493 

505 
509 

513 


Mechanism  of  Viral  DNA  Replication 
Transcription  and  Integration.  — Salzman  516 


Restriction  Enzyme  Analysis  of 
Vaccinia  Virus  DNA.   —  DeFilippes 

Structure  and  Function  of  Genetic 
and  Protein  Components  of  Defective 
Parvoviruses.   —  Rose 

Properties  of  Adenovirus  DNA.  —  Garon, 
Rose 

Biochemical  Characterization  of  the 
Proteins  from  SV40  Infected  and 
Transformed  Cells.  —  Barban 

Structural  Characterization  of  DNA 
Virus  Genomes.  —  Garon 


520 

522 
525 

527 
529 


it91 


Annual  Report  of  the  Laboratory  of  Biology  of  Viruses 

National  Institute  of  Allergy  and  Infectious  Diseases,  NIH 

July  1,  1976  to  September  30,  1977 

The  goal  of  the  Laboratory  of  Biology  of  Viruses  is  to  determine 
how  viruses  replicate.  At  the  molecular  level,  this  involves  investigation 
of  the  structure  of  the  virion  and  of  its  purified  component  parts,  of 
mechanisms  of  replication  and  transcription  and  expression  of  the  viral 
genome.  Emphasis  is  also  placed  on  cell-virus  interactions  including 
the  process  of  cell  transformation.  We  believe  that  information  of  this 
kind,  although  difficult  to  obtain,  is  fundamental  to  understanding 
disease  processes  and  vital  to  achieving  a  rational  basis  for  chemotherapy. 
Spectacular  progress  has  been  made  in  the  past  few  years,  well  beyond 
our  expectations. 

Ten  years  ago  we  were  able  to  purify  viruses  and  to  describe  their 
basic  structure.  Now,  for  viruses  like  simian  virus  40,  each  of  the 
protein  components  of  the  virus  has  been  purified.  The  nucleotide 
sequence  of  90%  of  the  viral  genome  is  known.  For  each  of  the  DNA 
viruses,  specific  regions  of  viral  genome  can  be  obtained  in  pure  form 
by  the  use  of  restriction  enzymes  and  a  direct  and  simple  methodology  Is 
available  to  incorporate  these  fragments  into  bacterial  plasmids  so  that 
large  quantities  of  specific  DNA  fragments  can  be  obtained.  This  technology 
combined  with  coupled  systems  in  which  specific  DNA  fragments  are  transcribed 
and  translated  offer  the  prospect  of  in  vitro  synthesis  of  any  specific 
cellular  or  viral  protein.  These  same  elegant  methodologies  are  being 
applied  to  achieving  an  understanding  of  biologic  phenomena  such  as 
malignant  transformation  of  cells  by  viruses,  regulation  of  viral  m-RNA 
synthesis,  mechanisms  of  DNA  replication  and  synthesis  of  viral  macromolecules. 
It  is  clear,  as  major  problems  are  better  understood,  that  biologic 
phenomena  ir.  apparently  diverse  systems  have  similar  explanations  at  the 
molecular  level.   This  is  true  in  the  area  of  viral  oncology  when 
adenoviruses  and  SV40  are  compared.  With  greater  understanding,  viral 
latency  and  viral  transformation  merge  and  can  be  seen  to  have  many 
common  features.   Studies  which  have  characterized  vaccinia  viral  messenger 
m-RNA  are  seen  to  apply  equally  to  SV40  and  adenovirus  mSNA  and  also  to 
cellular  mRM.   In  spite  of  the  growing  unity  of  the  major  areas  of 
research,  this  annual  report  divides  the  work  of  the  LBV  into  five  separate 
areas.  These  concern  molecular  studies  with  (1)  Papovaviruses,  (2) 
Poxviruses,  (3)  Adenoviruses,  (4)  Parvoviruses,  and  (5)  newly  Initiated 
studies  with  recombinant  DNA  molecules.  The  division  of  the  report  Into 
these  areas  represents  a  scientifically  false  separation,  but  is  used  as 
a  format  for  this  report  since  it  simplifies  the  presentation  of  results. 
A  careful  reading  of  the  report  will  reveal  the  strength  that  accrues  to 
the  laboratory  by  an  exchange  of  techniques  and  a  sharing  of  observations 
in  each  of  these  areas. 

The  results  described  below  are  evidence  of  the  advances  in  each 
area  of  research,  and  report  many  new  findings  of  major  importance. 
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Studies  with  Papovaviruses. 

There  is  widespread  interest  in  SV40  since  it  transforms  cells,  it 
is  capable  of  producing  tumors  in  vivo  when  injected  into  suitable 
hosts,  and  is  a  virus  which  has  one  of  the  simplest  compositions.   Its   , 
viral  genome  is  a  double  stranded,  covalently  closed  molecule  of  3.6  x  10 
daltons,  and  so  it  can  direct  the  synthesis  of  no  more  than  5  or  6  viral 
specified  proteins.   Largely  as  a  result  of  work  carried  out  in  this 
laboratory  there  is  a  high  level  of  understanding  of  the  way  In  which 
synthesis  of  viral  RNA  and  DNA  occurs  during  a  lytic  cycle  of  replication. 

Mechanisms  of  SV40  DNA  Replication. 

An  in  vitro  system  has  been  studied  in  which  replication  of  SVAO 
DNA  molecules  that  have  begun  synthesis  in  vivo  are  completed  in  vitro. 
Analysis  of   P  DNA  (labelled  in  vitro)  indicates  that  all  regions  of 
the  molecule  participate  in  the  replication,  including  those  sequences 
closest  to  the  origin  of  replication.   The  replicating  SVAO  DNA  can  be 
isolated  as  a  nucleoprotein  complex.   Electron  microscopy  of  these 
structures  shows  them  to  be  Cairns  theta  structures  with  nucleosomes  on 
both  the  replicated  and  nonreplicated  portions  of  the  molecule.   Association 
of  the  newly  replicated  DNA  with  histones  during  the  in  vitro  replication 
is  determined  by  monitoring  the  resistance  of  the  newly  replicated  DNA 
to  mlcrococcal  nuclsase  during  the  course  of  the  in  vitro  replication. 
In  the  studies  described  above,  and  in  all  other  "in  vitro"  systems  in 
which  viral  DNA  synthesis  has  been  studied,  chain  elongation  of  endogenous 
replicating  molecules  has  been  examined.   Recently  we  have  been  able  to 
prepare  extracts  from  nuclei  and  cytoplasm  which  are  able  to  carry  out 
the  synthesis  of  exogenously  added  replicating  molecules.   SVAO  DNA 
which  is  formed  in  this  system  has  the  same  superhelix  density  as  DNA 
isolated  from  virions.   This  system  is  valuable  since  it  makes  possible 
a  characterization  of  proteins  which  associate  with  viral  DNA  during 
replication  (Seldman,  Chen  and  Salzman). 

Novel  Forms  of  Papovavirus  DNA  Present  in  Infected  Cells. 

We  have  recently  discovered  that  both  SVAO  and  polyoma  infected 
permissive  cells  contain  high  molecular  weight  linear  forms  of  viral 
DNA.  Trltlated  thymidine  has  been  incorporated  In  such  DNA  molecules 
which:  a)  can  be  cleaved  to  full  length  linear  monomer ic  viral  DNA 
using  Eco  Rl  restriction  endonuclease;  and  b)  fall  to  enter  agarose  gels 
under  conditions  under  which  decamers  of  viral  DNA  (35  x  10^  daltons) 
can  be  resolved.  We  are  currently  using  a  variant  of  polyoma  virus 
which  induces  filamentous  structures  during  the  course  of  lytic  infection. 
Our  experiments  indicate  that  linear  polyoma  DNA  molecules  ranging  from 
four  to  eight  times  the  size  of  the  viral  genome  can  be  prepared  and 
isolated  from  such  infected  cells.   The  relationship  of  such  DNA  molecules 
to  the  assembly  process  of  papovaviruses  is  currently  being  investigated 
(Chan,  Martin). 
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Biological  Properties  of  Papovavirus  DNA, 

We  have  continued  the  characterization  of  oligomeric  forms  of  SV40 
DNA  which  appear  in  monkey  cells  following  productive  infection.  As  has 
been  previously  reported,  oligomeric  supercoiled  viral  DNAs  have  plaquing 
efficiencies  inversely  proportional  to  the  size  of  the  DM  molecule. 
Tetrameric  forms  of  viral  DNA  induced  approxisaately  one-quarter  the 
number  of  plaques  as  a  similar  mass  of  monotnerlc  SV40  DNA.  When  the 
same  supercoiled  oligomeric  viral  molecules  were  assayed  In  a  transforming 
system  using  the  calcium  phosphate  technique^,  we  were  surprised  to 
discover  that  their  transforming  efficiency  was  indistinguishable  from 
monomer  forms  of  SV40  DNA.  We  observed  that  a  microgram  of  monomeric  or 
oligomeric  forms  of  SV40  DNA  induced  the  formation  of  150  to  250  colonies. 
This  indicated  to  us  that  the  mechanism  involved  in  Integration  or  viral 
genetic  information  into  masanalian  cells  was  quite  different  from  the 
one  involved  in  plaque  formation.  This  result  is  coaipatible  with  the 
idea  that  an  oligomeric  viral  DNA  molecule  has  a  greater  probability  of 
inducing  a  transforming  event  than  a  monomeric  form.  Whether  this  is 
due  to  a  specific  sequence  present  multiple  times  in  the  oligomeric  DNA 
or  is  related  merely  to  the  increased  physical  size  of  such  molecules  is 
currently  under  investigation.   Further  studies  evaluating  the  biological 
activity  of  oligomeric  DNAs  in  infected  monkey  cells  indicate  that 
monomeric  DNA  is  the  principal  genomic  product  irregardless  of  whether  a 
dimer,  trimer,  or  tetramer  DNA  was  used  for  infection.  Experiments  are 
in  progress  to  identify  indermediate  forms  of  DNA  that  may  be  precursors 
to  the  monomer  size  genome  (Israel,  Martin). 

In  Vivo  Studies  of  Viral  mRNA  Synthesis. 

Metabolism  of  SV40  RNA  in  cultured  BSC-1  cells  has  been  studied 
using  rapid  uridine  pulse-chase  conditions  that  are  established  by 
pretreating  cells  with  glucosamine.  The  primary  viral  nuclear  transcripts 
are  mainly  late  mRNA  (RNA  transcribed  from  the  late  (L)  strand  of  SV40 
DNA).   The  half  life  of  nuclear  viral  RNA  is  'v,  7  mln.  Transport  of 
viral  nuclear  RNA  into  cytoplasm  is  very  fast»  starting  a  few  minutes 
after  labeling  and  reaching  the  peak  at  '^  15  min  after  labeling.  50%  of 
viral  nuclear  RNA  is  transported  into  cytoplasm.  Kinetic  studies  are 
consistent  with  the  idea  that  cytoplasmic  16S  is  formed  from  19S  RNA  in 
the  cytoplasm.   The  half  lives  of  the  cytoplasmic  19S  and  16S  mRNA  are  3 
hr  and  5  hr ,  respectively  (Chiu  and  Salzman) . 

Studies  with  Transcriptional  Intermediates — Regulation  of  Viral  mRNA 
Transcription. 

The  goal  of  these  studies  is  to  understand  how  early  and  late 
transcription  of  simian  virus  40  (SV40)  is  regulated  during  lytic 
infection.  Two  techniques  have  been  used  to  study  this  problem. 
First,  we  have  extracted  viral  transcriptional  intermediates  from 
infected  cell  nuclei  with  sarkosyl.   Synthesis  of  the  nascent  RNA  is 
then  continued  in  vitro  by  addition  of  cofactors  required  for  RNA  polymerase 
activity.  Radioactive  uridine  triphosphate  is  also  added  during  the 
reaction  to  label  the  growing  5'  end  of  the  RNA  that  is  synthesized  in 
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vitro  by  the  transcriptional  intermediates.  This  nascent  RNA,  which  is 
the  primary  transcription  product,  has  been  purified  and  characterized. 
The  radiolabeled  3'  end  of  the  RNA  is  hydrogen  bonded  to  the  DNA  template. 
Using  transcriptional  intermediates  we  are  able  to  demonstrate  that  SV40 
DNA  I  is  the  template  for  late  transcription.   We  are  presently  comparing 
the  transcriptional  intermediates  and  the  RNA  they  synthesize  at  both 
early  and  late  times  after  infection. 

We  have  also  used  the  gene  A  temperature  sensitive  mutant  tsA58  to 
examine  what  role  T  antigen  and  DNA  replication  have  In  the  regulation 
of  transcription.   Cells  infected  with  tsA  mutants  make  a  defective  T 
antigen  when  cells  are  shifted  to  the  nonpermissive  temperature  late  in 
infection.   Under  these  conditions,  initiation  of  new  rounds  of  viral 
DNA  synthesis  is  prevented.   However,  both  early  and  late  transcriptional 
intermediates  can  continue  to  be  isolated  and  transcriptional  activity 
increases.   Thus,  continued  viral  DNA  synthesis  is  not  required  for  the 
maintenance  of  late  transcription.  The  greatest  relative  increase 
occurs  with  early  transcription,  and  it  is  concluded  that  T  antigen  may 
have  a  role  in  regulating  its  own  synthesis  late  in  infection.   The  main 
unresolved  problem  is  what  factors  are  involved  in  the  switch  from  early  to 
late  transcription.   We  believe  that  by  comparing  early  and  late  transcriptional 
intermediates  along  with  their  associated  proteins,  we  can  explain 
control  of  viral  transcription  in  vivo  and  eventually  this  will  lead  to 
the  production  of  an  in  vitro  system  which  will  faithfully  mimic  in  vivo 
transcription.   (Birkenmeier,  Chiu  and  Salzman) . 

Oligomeric  Forms  of  SV40  DNA  Serve  as  Templates  for  Transcription. 

A  simian  virus  40  nucleoprotein  complex  containing  an  endogenous 
RNA  polymerase  activity  was  extracted  from  infected  BSC-1  nuclei  Triton 
X-100  in  low  strength  buffer. 

32 
When  the  nucleoprotein  complexes  are  labeled  in  vitro  with   P-UTP 

followed  by  sedimentation  in  neutral  sucrose  gradients  containing  sarkosyl, 

labeled  RNA  is  detected  as  a  broad  band  extending  from  21S  to  more  than 

SOS  with  a  major  peak  at  26S.   After  treatment  of  the  labeled  complexes 

with  pancreatic  ribonuclease,  5  to  8%  of  the  labeled  RNA  remains  associated 

with  the  template  DNA.   The  majority  of  the  ribonuclease  resistant 

material  sediments  slightly  faster  than  SV4G  DNA  I.   The  partially 

relaxed  SV40  DNA  I  associated  with  this  material  represents  the  predominant 

template  DNA  for  late  SV40  transcription.   The  remainder  of  the  ribonuclease 

resistant  material  sediments  in  sucrose  gradients  in  a  series  of  faster 

sedimenting  peaks.   The  identification  of  these  structures  as  closed 

circular  oligomeric  SV40  DNA  molecules  that  are  serving  as  templates  for 

transcription  is  based  on  their  sedimentation  rates,  the  time  of  their 

accumulation  during  the  lytic  cycle,  their  migration  in  agarose  gels  and 

by  their  appearance  in  the  electron  microscope.   At  late  times  after 

infection  at  least  10%  of  the  total  SV40  template  DNA  is  in  the  form  of 

oligomers  which  may  serve  as  templates  for  the  synthesis  of  high  molecular 

weight  virus  specific  RNA  (Shani,  Seidman,  Salzman). 
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Detection  of  BK  Virus  DNA  in  Uninfected  Human  Cells  and  Human  Tumors. 

In  collaboration  with  Drs.  Kenneth  Takemoto  (NIAID)  and  George 
Khoury  (NCI)  we  have  examined  the  DNAs  prepared  from:   1)  normal  human 
tissues;  2)  human  tumors;  and  3)  cell  lines  derived  from  human  tumors 
for  the  presence  of  BK  virus  (BKV)  DNA  sequences.   In  this  regard  It  Is 
Important  to  note  that  antibodies  to  BKV  develop  during  childhood  and 
can  be  detected  in  75%-80%  of  adult  humans.  DNA  was  prepared  from  the 
brain,  kidney  or  spleen  of  Immunocompetent  individuals  dying  from  non- 
malignant  diseases  at  the  NIH  Clinical  Center  and  analyzed  by  reassociation 
kinetics  for  BKV  DNA.   In  three  out  of  twenty  tissues  examined  viral  DNA 
could  be  reproducibly  detected  (approximately  0.25  copies/cell);  in 
fifteen  of  the  DNA  preparations  less  than  0.1  copy/cell  was  present 
(considered  negative  in  this  hybridization  system) ;  in  the  remaining  two 
DNA  samples  0,1  to  0.2  copies/cell  were  identified.   Five  human  tumors 
and  twenty  hviman  tumor  lines  were  subjected  to  a  similar  analysis.   In 
all  cases  less  than  0,1  copy/cell  (considered  negative  in  this  hybridization 
system)  was  detected.  The  latter  results  differ  from  a  previously 
published  study  (PNAS  73^:   4662-4666,  1976)  which  reported  the  presence 
of  BKV  sequences  in  5  of  12  human  tissues  and  3  or  4  human  tumor  cell 
lines.  This  discrepancy,  while  not  presently  resolved,  most  likely 
reflects  a  difference  in  the  purity  of  the  radiolabeled  viral  DNA  probe 
employed  in  such  analyses.  Dr.  Maurice  Green  (St.  Louis  University)  has 
obtained  results  similar  to  ours  and  finds  no  BKV  DNA  sequences  in  human 
tumors.   The  presence  of  viral  DNA  sequences  which  we  observed  in  a  few 
normal  organs  may  very  well  reflect  the  BKV  genome  in  a  dormant  state. 
In  an  immuno suppressed  human  (such  as  a  renal  allograft  recipient)  this 
viral  genetic  information  may  express  itself  and  result  in  the  production 
of  BKV,  a  frequently  observed  phenomenon  in  such  individuals  (Israel,  Martin), 

Papovavirus  T  Antigens. 

We  have  determined  the  physical  size  and  tryptic  peptide  digest 
pattern  of  several  papovavirus  T  antigens.   Our  results  Indiate  that  in 
lytically  infected  cells  SV4O5  polyoma,  BK  virus,  and  JC  virus  T  antigens 
have  the  same  molecular  size  (approximately  97,000  daltons) .  The  T 
antigens  present  in  SV40  and  polyoma  transformed  cells  were  also  97,000 
daltons  in  size;  the  T  antigen  Immunopreclpltated  from  BK  virus  transformed 
hamster  cells,  however,  is  significantly  larger  (113,000  daltons)  than 
the  species  Identified  in  productively  infected  cells  (97,000  daltons). 
By  using  various  protease  inhibitors,  we  have  been  able  to  show  that 
degradation  of  SV40  T  antigen  occurred  during  its  extraction  from  productively 
infected  monkey  cells.  The  97,000  and  94,000  dalton  T  antigen  species 
detected  in  such  cells  were  the  only  two  forms  that  could  be  identified; 
The  T  antigens  from  SV40,  polyoma,  and  BK  virus  infected  cells  were 
digested  with  trypsin  and  analyzed  on  chromabead  columns.   Seven  of  the 
approximately  20  tryptic  peptides  observed  with  SV40  and  BK  T  antigens, 
coeluted  from  the  column.   None  of  the  polyoma  T  antigen  tryptic  peptides 
coeluted  with  peptides  derived  from  either  SV40  or  BK  T  antigens.   The 
20  to  30%  similarity  observed  in  the  elution  profile  of  SV40  and  BK 
virus  tryptic  peptides;  is  in  agreement  with  the  biological  obsetrvation 
that  the  two  T  antigens  cross  react  immunologically.  We  are  currently 


extending  these  studies  and  will  evaluate  the  relationship  of  the  JC  virus 
T  antigen  to  SV40  and  BK  T  antigens  (Sinnnons,  Martin). 

Studies  with  Parvoviruses. 

Members  of  this  viral  group  have  been  incriminated  as  causative 
agents  of  acute  human  gastroenteritis  and  hepatitis  A.   They  are  the 
smallest  of  DNA-containing  animal  viruses  and  can  be  divided  into  two 
groups,  nondefectives  and  defectives.   The  defectives,  or  AAV,  multiply 
only  when  cells  are  also  infected  with  a  helper  adenovirus.  Parvoviruses 
contain  a  single-stranded  DMA  genome,  and  it  was  first  shown  in  this 
laboratory  (utilizing  AAV)  that  replication  of  their  DNA  proceeds  via 
concatemeric  intermediates  which  consist  of  covalently  linked  plus  and 
minus  strands.  These  findings  provided  strong  evidence  for  the  existence 
of  a  self -priming  mechanism  for  the  synthesis  of  parvovirus  DNA.  A 
similar  mechanism  may  operate  in  the  synthesis  of  DNA  in  eukaryotic 
cells,  an  indication  that  self-primed  DNA  synthesis  could  well  be  of 
fundamental  importance. 

New  DNA  Single  Strand-Specific  Endonuclease  Isolated  from  Human  Cells. 

Because  AAV  DNA  concatemers  are  processed  to  unit  length  molecules 
in-vivo,  we  have  attempted  to  isolate  and  characterize  the  responsible 
endonuclease (s) ,  an  enzyme  that  might  also  play  a  role  in  cellular  DNA 
synthesis.  At  present,  we  have  obtained  in  highly  purified  form,  a  new 
single  strand-specific  endonuclease  from  human  cells  (KB  cells) .  This 
enzyme,  a  candidate  for  the  processing  endonuclease,  is  currently  under 
study  (Wang  and  Rose). 

Identification  of  Polymerase  Transcribing  AAV  Genome. 

Because  of  the  restricted  coding  capacity  of  the  AAV  genome.  It  was 
important  to  determine  the  origin  of  the  RNA  polymerase  responsible  for 
synthesis  of  the  single  AAV  messenger  RNA.  Using  isolated  nuclei  in  an 
In-vitro  system  it  was  found  that  a  cellular  RNA  polymerase  (polymerase 
II)  is  required.  This  further  indicates  the  close  biochemical  dependence 
of  these  small  viruses  on  cellular  functions  (Bloom  and  Rose) . 

Mechanism  of  AAV  Protein  Synthesis  Defined. 

A  more  exact  definition  of  the  number  of  AAV-specif led  polypeptides 
was  achieved  during  the  past  year  by  utilizing  both  in-vivo  and  in-vitro 
radioactive  labeling  and  gel  electrophoresis  techniques.  Three  structural 
nnd  two  nonstructural  proteins  have  been  identified.   Furthermore, 
analyses  of  synthesis  following  very  short  labeling  periods  and  synthesis 
in  the  presence  of  amino  acid  analogues  have  shown  that  the  AAV  polypeptides 
are  generated  through  cleavages  of  a  single  structural  protein  while 
this  protein  is  in  the  process  of  being  synthesized.  The  origin  of  all 
proteins  of  a  virus  from  a  single  structural  protein  as  precursor  is 
thus  far  unique  (Buller  and  Rose). 
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Biochemical  Basis  for  Host  Restriction  of  Viral  Replication. 

During  the  past  year  substantial  progress  has  been  made  concerning 
the  mechanism  of  host  cell  restriction  of  AAV  replication  in  monkey 
cells.  Unless  a  simian  adenovirus  is  used  as  helper  or  SV40  infection 
is  coupled  with  a  human  adenovirus  Infection,  AAV  does  not  multiply 
because  translation  of  its  messenger  RNA  does  not  occur.   In-vitro 
studies  have  now  shown  that  the  AAV  messenger  RNA  made  under  restrictive 
conditions  is  capable  of  directing  synthesis  of  all  AAV  proteins  and  is 
therefore  not  defective  per  se.  An  assay  system  has  now  been  devised  to 
determine  whether  translation  in-vlvo  does  not  proceed  because  of  an 
inhibition  or  the  need  for  a  requirement  induced  after  permissive  infection. 
The  results  may  provide  a  basis  for  seletively  interfering  with  viral 
production  (Buller  and  Rose) . 

Physical  Mapping  of  AAV  Messenger  RNA, 

Utilizing  the  electron  microscopic  R-loop  technique,  we  have  now 
been  able  to  visualize  the  placement  of  the  single  AAV  messenger  BKA  on 
the  AAV  genome.  The  results  confirm  that  functional  message  represents 
about  68%  of  DNA  sequences,  and  that  the  message  maps  from  within  5%  of 
one  terminus  of  the  coding  DNA  strand.  It  Is  therefore  clear  that  the 
viral  genome  contains  an  unexpressed  coding  capacity  that  could  specify 
a  protein  of  up  to  40,000  daltons.  The  possible  role  of  these  "wasted" 
sequences  is  being  investigated  (Garon,  Buller  and  Rose). 

Mechanism  of  Kilham  Rat  Virus  DNA  Synthesis. 

The  DNA  at  each  end  of  the  genome  of  Kilham  rat  virus  (KRV) ,  a 
nondefective  parvovirus,  appears  to  fold  back  on  Itself  forming  short 
double  stranded  DNA  termini.  Present  experiments  indicate  that  in  the 
presence  of  DNA  polymerase  the  3'  terminus  can  be  self  priming  resulting 
in  the  synthesis  of  a  double  stranded  KRV  molecule.  The  mechanism  by 
which  the  short  double  stranded  primer  region  is  replicated  is  being 
investigated.   The  method  of  virus  replication  may  be  better  understood 
using  a  DNA-protein  complex  extracted  from  purified  KRV  after  alkaline 
disruption  of  the  virion  and  sedimentation  in  an  alkaline  sucrose  gradient. 
The  complex  appears  to  have  DNA  polymerase  activity.  The  viral  DNA  in 
the  complex  and  the  DNA  synthesized  in  the  complex  are  being  studied 
(L.  Salzman) . 

Biological  Effect  of  Cryptic  Parvovirus  Infection. 

Many  studies  have  been  reported  on  the  interaction  of  lymphocytes 
stimulated  to  active  proliferation  with  tumor  cell  lines.   The  tumor 
cells  can  be  strongly  inhibitory  to  the  lymphocyte  proliferative  response. 
Using  rat  adenocarcinoma  cells  13762  and  the  rat  tumor  line  C58NT,  we 
found  the  inhibition  of  lymphocyte  proliferation  attributable  to  contamination 
of  the  tumor  cell  lines  with  KRV.  The  isolation  of  KRV  from  rat  tumor 
cells  demonstrates  that  parvoviruses  can  be  unrecognized  contaminants 
capable  of  producing  important  biological  effects.  These  studies  additionally 
provided  evidence  that  KRV  grows  well  in  proliferating  Ijnnphocytes . 
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These  cells  may  prove  useful  for  the  detection  and  growth  of  a  wide 
variety  of  other  parvoviruses  (Campbell  and  Salzman) . 

Studies  with  Adenoviruses. 

Physical  and  Biological  Characterization  of  Inverted  Terminal  Repetition  in 
Viral  Genome. 

The  array  of  structural  variations  found  in  the  genomes  of  these 
viruses  continues  to  expand.  Recently,  a  stable,  plaque-purified  variant 
of  Ad  18  has  been  characterized  which  appears  to  differ  from  the  prototype 
strain  only  in  the  size  of  the  inverted  terminal  repetition.  Of  particular 
interest  is  (1)  the  mechanism  which  yields  the  approximately  4%  addition 
to  the  terminal  region  of  the  genome  and  (2)  whether  these  additional 
sequences  contain  the  "transforming  gene(s)"which  might  account  for  the 
high  oncogenic  potency  of  this  serotype.   Quantities  of  both  physically 
and  genetically  defined  fragments  of  viral  DNA  are  being  prepared  to 
characterize  this  insertion  more  directly  (Garon  and  Rose) . 

Physical  Location  of  Protein  Binding  Sites  on  Encapsldated  DNA. 

Recently,  a  class  of  chemical  compounds  (psoralen  and  its  derivatives) 
has  generated  considerable  interest  by  their  ability  to  penetrate  intact 
cells  and  viruses  without  detectable  structural  alterations,  to  Intercalate 
into  the  double  helix  of  nucleic  acid  molecules  and,  upon  photochemical 
activation,  to  form  covalent  cross-links.  We  have  attempted  to  apply 
this  reagent  to  purified  adenovirus  particles  to  search  for  proteins 
within  the  virion  which,  by  virtue  of  their  intimate  association  with 
the  DNA,  might  Interrupt  the  cross-linking  function  of  the  drug  and  thus 
be  detectable  in  the  electron  microscope  as  site-specific  denaturable 
regions.  Preliminary  data  indicates:   (1)  a  high  degree  of  effectiveness 
of  psoralen  in  cross-linking  deprotelnlzed  adenovirus  DNA  In  vitro  and 
(2)  the  possible  identification  and  physical  location  of  two  major 
protein  Interaction  sites  along  the  DNA  molecule.   Such  sites  may  play  a 
role  in  DNA  packaging  or  in  control  of  genetic  activation  following  DNA 
release  (Garon  and  Kose) . 

Studies  with  Poxviruses  and  Animal  Cells. 

The  poxviruses  are  large  DNA  viruses  that  contain  enzymes  for  the 
synthesis  and  modification  of  mRNA  within  the  infectious  virus  particle. 
Transcriptional  studies  have  served  as  models  for  other  viruses  and 
oukaryutlc  culls. 

Post-transcr Iptional  Modifications . 

During  the  past  few  years  Dr.  Moss  and  his  collaborators  have  made 
important  fundamental  discoveries  regarding  the  structure  and  post- 
transcriptional  modification  of  viral  and  cellular  messenger  RNA.   The 
finding  of  highly  methylated  "capped"  ends  on  bulk  human  mRNA  has  now 
been  extended  to  defined  mRNAs  coding  for  hlstones.   The  hlstone  mRNAs 
appear  unusual,  however,  in  that  they  lack  internal  N  -methyladenoslne 
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residues  that  are  characteristic  of  the  majority  of  polyadanylftted  tnRNAs 
(Moss  and  Gershowitz) .  In  the  polyadenylated  mRNAs,  the  N  -methyladenosine 
residues  are  in  specific  sequences,  G-m  A-C  or  A-m  A-C,  that  may  lie  in 
the  coding  regions  (Wei  and  Moss) .  Both  the  capped  ends  and  Internal 
N  -methyladenosine  residues  have  now  also  been  found  In  another  major 
group  of  viruses,  the  herpesviruses  (Moss  and  Gershowitz). 

Investigators  at  LBV  are  in  the  forefront  of  efforts  to  identify 
the  enzjnaes  involved  in  the  post-transcriptional  modification  of  mRNA. 
With  the  purification  and  characterization  of  the  third  enzyme  needed  to 
f'orm  the  capped  5 '-end  of  vaccinia  virus  mRNA,  a  nucleoslde-2'-methyltransf erase, 
the  biosynthesis  of  these  structures  is  well  understood  (Barbosa  and 
Moss).  A  major  effort  is  now  underway  to  isolate  the  enzymes  Involved 
in  the  modification  of  cellular  mRNA.  A  capping  enzyme,  known  as  a 
guanylyltransf erase,  has  just  been  extracted  from  HeLa  cell  nuclei  and 
is  being  studied  (Wei  and  Moss) .  An  enzyme  that  forms  a  novel  dlmethylated 
adenosine  residue  found  in  cap  structures  has  been  extensively  purified 
and  characterized  (Keith  and  Moss) .  It  is  anticipated  that  the  remaining 
enzymes  will  be  identified  during  the  next  years  and  a  good  understanding 
of  the  post-transcriptional  modification  of  mRNA  will  be  obtained. 

Expression  of  Early  and  Late  Genes. 

The  control  of  viral  and  cellular  gene  expression  is  still  one  of 
the  poorly  understood  problems  in  molecular  biology.  Vaccinia  virus,  a 
complex  DNA  virus  that  replicates  in  the  cytoplasm  of  cells  is  a  useful 
model  system.  Experiments  carried  out  this  past  year  indicate  that 
early  in  Infection  approximately  50%  of  the  genome  is  transcribed  while 
at  late  times  80%  is  transcribed  (Boone  and  Moss).  A  coupled  in-vitro 
system  for  the  transcription  of  the  early  genes  of  vaccinia  virus  and 
their  translation  has  been  developed  to  probe  the  regulatory  events  in 
more  detail  (Cooper  and  Moss) . 

Structure  of  the  Poxvirus  Genome. 

A  physical  map  of  vaccinia  virus  DNA  is  being  obtained  by  producing 
and  ordering  unique  segments  of  this  genome.  This  map  can  be  correlated 
with  the  transcriptionaJ.  map  to  understand  the  organization  of  genes  in 
this  and  other  large  DNA  molecules.   Restriction  enzyme  Hind  III  cleaves 
the  DNA  to  yield  a  segment  of  17  x  10  daltons  at  one  end  of  the  molecule. 
This  segment  is  linked  to  3  others  of  34,  9  £uid  5  x  10  daltons  £Uid  this 
group  contains  more  than  half  the  genome.  The  other  end  of  the  molecule 
is  a  10  dalton  segment.  Two  small  segments  of  3  x  10  daltons  are  in 
the  center  of  the  genome.  Restriction  nucleases  Sal  I,  Sma  I,  Xma  I  and 
Xho  I  also  cleave  vaccinia  DNA  into  large  segments  which  should  allow 
tlio  completion  of  the  physical  map  of  the  DNA,  while  other  enzymes  such 
as  Bam  I  give  slightly  smaller  segments  which  should  aid  transcriptional 
mapping  (DeFilippes) . 
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Structure  of  the  Molluscum  Contaglosum  Virus  Genome. 

The  genome  of  Molluscum  contaglosum  virus,  a  poxvirus  which  causes 
a  benign  tumor  of  the  skin  in  humans,  has  recently  been  shown  to  consist 
of  a  single,  continuous  polynucleotide  chain  which  is  base  paired  to  form 
a  linear,  duplex  DNA  molecule.   So  far,  this  structural  arrangement  appears 
to  be  unique  to  the  poxvirus  group.   Of  eleven  independently  Isolated 
virus  samples,  three  genetic  types  of  MCV  were  identified  in  these  studies. 
If,  upon  accumulation  of  additional  data,  a  relationship  can  be  established 
between  the  clinical  characteristics  of  the  disease  and  the  restriction 
endonuclease  cleavage  patterns,  then  a  useful  molecular  epidemiological 
scheme  of  some  diagnostic  significance  might  be  developed  (Garon  and  Parr). 

Recombinant  DNA  Experimentation. 

A.  Cloning  polyoma  DNA  in  E.  coli. 

We  plan  to  conduct  risk  assessment  experiments  to  evaluate  potential 
dangers  associated  with  recombinant  DNA  experimentation.   Specifically, 
we  intend  to  clone  polyoma  viral  DNA  using  plasmid  and  lambdaphage 
vector  systems  in  E.  coli  K12  and  then  feed  or  inoculate  such  materials 
into  mice.  These  studies  will  be  conducted  at  P4  facilities  located 
both  on  the  NIH  reservation  and  at  the  Frederick  Cancer  Research  Center, 
Frederick,  Maryland.   Since  it  is  very  likely  that  no  expression  of 
polyoma  DNA  will  occur  within  the  prokaryotic  host  in  which  it  is  being 
propagated,  the  risk  assessment  experiment  may  merely  involve  an  evaluation 
of  the  biological  properties  of  polyoma  DNA  in  'animals.  Accordingly,  we 
have  fed  and  inoculated  supercoiled  polyoma  DNA  as  well  as  restriction 
enzyme  cleaved  viral  DNA  to  newborn  mice  and  hamsters.   Our  results 
indicate  that  nanogram  amounts  of  polyoma  DNA  delivered  by  intraparatoneal 
or  subcutaneous  routes  induced  a  productive  viral  Infection.   In  no  case 
have  we  been  able  to  establish  polyoma  infection  of  mice  following  oral 
or  intranasal  administration  of  polyoma  DNA.  Polyoma  DNA  was  also 
administered  parenterally  to  newborn  hamsters.   Approximately  10  to  15% 
of  the  animals  developed  tumors  from  60  to  100  days  following  inoculation 
of  the  polyoma  DNA.   In  some  cases  restriction  endonuclease  cleaved 
polyoma  DNA  induced  tumors  in  the  hamster  system   (Israel,  Chan,  Martin). 

B.  Cloning  of  a  lambdaphage  DNA  segment  in  E.  coli. 

The  middle  segment  of  Xgt-AB,  generated  by  Eco  Rl  restriction 
endonuclease,  was  ligated  to  the  plasmid  pBR313  and  used  to  transform  E. 
coll  K12  under  P2  conditions.   Analysis  of  the  DNA  present  in  E.  coli 
revealed  the  absence  of  plasmid  and/or  recombinant  supercoiled  DNA. 
Both  hybridization  and  genetic  studies  showed  that  the  lambda  segment 
was  present  in  the  E.  coli,  presumably  covalently  attached  to  the  bacterial 
chromosomal  DNA.   Studies  are  currently  in  progress  to  further  characterize 
the  lambda  DNA  segment  present  in  this  bacterium  and  to  investigate  the 
possible  use  of  this  portion  of  the  lambda  DNA  molecule  as  a  vector  to 
insert  foreign  DNA  into  the  chromosome  of  E.  coli  (Israel,  Chan,  Martin). 
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Annual  Report  of  the  Laboratory  of  Biology  of  Vlruaes 
National  Institute  of  Allergy  and  Infectious  Diseases,  NIH 
July  1,  1976  through  September  30,  1977 

Honors  &  Awards 

This  past  year  Dr.  Moss  continued  to  serve  on  the  editorial  boards 
of  the  Journal  of  Virology,  of  Antibiotics  and  Chemotherapy,  of  Intervirology, 
and  of  Virology.  Dr.  Salzman  and  Dr.  Martin  also  continued  on  the  editorial 
board  of  the  Journal  of  Virology.  Dr.  Salzman  was  reappointed  as  a 
professorial  lecturer  in  the  Department  of  Microbiology  at  Georgetown 
University  School  of  Medicine.  Dr.  James  A.  Rose  received  the  PHS 
Meritorious  Service  Medal  award.  Dr.  Malcolm  A.  Martin  received  the 
NIH  Director's  Award  and  was  also  appointed  to  the  Editorial  Board  of 
the  JoumaJ.  of  Biological  Chemistry. 
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SUMMARY  OF  WORK  (200  wordt,  or  less  -  underline  keywords) 

Studies  have  been  conducted  to  evaluate:   (1)  the  biologic  properties 
of  oligomerlc  supercolled  forms  of  SV40  DNA;  (2)  the  presence  of  oligomeric 
linear  forms  of  SV40  and  polyoma  virus  DNAs;  (3)  the  relationship  between 
polyoma,  SV40  and  BKV  T  nntlgenH;  and  (4)  whether  BKV  DNA  sequences  are 
proHont  Lu  normal  and  malignant  human  tissue.  Experiments  are  also  In 
progress  to  evaluate  whether  the  presence  of  polyoma  DN^i  present  as  a 
recombinant  DNA  molecule  In  E^^  coli,  is  a  potential  biohazard  to  newborn 
mice  and  hamsters. 
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I.   Papovaviru's  studies 

A.  Biological  properties  of  papovavlrus  DNA. 

We  have  continued  the  characterization  of  oligomerlc  forms  of  SV40  DNA 
which  appear  In  monkey  cells  following  productive  infection.  As  has 
been  previously  reported,  oligomerlc  supercplled  viral  DNAs  have  plaquing 
efficiencies  Inversely  proportional  to  the  size  of  the  DNA  molecule. 
Tetrameric  forms  of  viral  DNA  induced  approximately  one-quarter  the 
number  of  plaques  as  a  similar  mass  of  monomeric  SV40  DNA.  Vfhen  the 
same  supercolled  oligomerlc  viral  molecules  were  assayed  in  a  transforming 
system  using  the  calcium  phosphate  technique,  we  were  surprised  to 
discover  that  their  transforming  efficiency  was  indistinguishable  from 
monomer  forms  of  SV40  DNA.  We  obseirved  that  a  microgram  of  monomeric  or 
oligomerlc  forms  of  SV40  DNA  Induced  the  formation  of  150  to  250  colonies. 
This  indicated  to  us  that  the  mechanism  involved  in  integration  or  viral 
genetic  information  Into  mammalian  cells  was  quite  different  from  the 
one  involved  in  plaque  formation.  This  result  is  compatible  with  the 
idea  that  an  oligomerlc  viral  DNA  molecule  has  a  greater  probability  of 
inducing  a  transforming  event  than  a  monomeric  form.  Whether  this  is 
due  to  a  specific  sequence  present  multiple  times  in  the  oligomerlc  DNA 
or  is  related  merely  to  the  increased  physical  size  of  such  molecules  Is 
currently  under  investigation.  Further  studies  evaluating  the  biological 
activity  of  oligomerlc  DNAs  In  Infected  monkey  cells  indicate  that 
monomeric  DNA  is  the  principal  genomic  product  Irregardless  of  whether  a 
dimer,  trimer,  or  tetramer  DNA  was  used  for  infection.  Experiments  are 
in  progress  to  identify  intermediate  forms  of  DNA  that  may  be  precursors 
to  the  monomer  size  genome. 

B.  Novel  forms  of  papovavlrus  DNA  present  in  infected  cells. 

We  have  recently  discovered  that  both  SV40  and  polyoma  infected  permissive 
cells  contain  high  molecular  weight  linear  forms  of  viral  DNA.  Tritlated 
thymidine  has  been  incorporated  in  such  DNA  molecules  which:  a)  can  be 
cleaved  to  full  length  linear  monomeric  viral  DNA  using  Eco  Rl  restriction 
endonuclease;  and  b)  fall  to  enter  agarose  gels  under  conditions  under 
which  decamers  of  viral  DNA  (35  x  10  daltons)  can  be  resolved.  We  are 
currently  using  a  variant  of  polyoma  virus  which  induces  filamentous 
structures  during  the  course  of  lytic  infection.   Our  experiments  indicate 
that  linear  polyoma  DNA  molecules  ranging  from  four  to  eight  times  the 
size  of  the  viral  genome  can  be  prepared  and  isolated  from  such  infected 
cellH.  The  relationship  of  such  DNA  molecules  to  the  assembly  process 
of  papovaviruses  is  currently  being  investigated. 

C.  Papovavlrus  T  antigens. 

We  have  determined  the  physical  size  and  tryptic  peptide  digest  pattern 
of  several  papovavlrus  T  antigens.   Our  results  indicate  that  in  lytically 
infected  cells  SV40,  polyoma,  BK  virus,  and  JC  virus  T  antigens  have  the 
same  molecular  size  (approximately  97,000  daltons).   The  T  antigens 
present  in  SV40  and  polyoma  transformed  cells  were  also  97,000  daltons 
in  size;  the  T  antigen  immunoprecipitated  from  BK  virus  transformed 
hamster  cells,  however,  is  significantly  larger  (113,000  daltons)  than 
the  species  identified  in  productively  infected  cells  (97,000  daltons). 


By  using  various  protease  inhibitors,  we  have  been  able  to  show  that 
degradation  of  SV40  T  antigen  occurred  during  its  extraction  from  productively 
infected  monkey  cells.  The  97,000  and  94,000  dalton  T  antigen  species 
detected  in  such  cells  were  the  only  two  high  molecular  forms  that  could  be 
identified.   The  T  antigens  from  SV40,  polyoma,  and  BK  virus  infected  cells 
were  digested  with  trypsin  and  analyzed  on  chromabead  columns.   Seven  of  the 
approximately  20  tryptic  peptides  observed  with  SV40  and  BK  T  antigens,  co- 
eluted  from  the  column.  None  of  the  polyoma  T  antigen  tryptic  peptides  co- 
eluted  with  peptides  derived  from  either  SV40  or  BK  T  antigens.  The  20  to  30% 
similarity  observed  in  the  elution  profile  of  SV40  fmd  BK  virus  tryptic  pep- 
tides is  in  agreement  with  the  biological  observation  that  the  two  T  antigens 
cross  react  immunologically.  We  are  currently  extending  these  studies  and 
will  evaluate  the  relationship  of  the  JC  virus  T  antigen  to  SV40  and  BK  T 
antigens. 

D.   Detection  of  BK  virus  DNA  in  uninfected  human  cells  and  human  tumors. 

In  collaboration  with  Drs.  Kenneth  Takemoto  (NIAID)  and  George  Khoury 
(NCI)  we  have  examined  the  DNAs  prepared  from:  1)  normal  human  tissues; 
2)  human  tumors;  and  3)  cell  lines  derived  from  human  tumors  for  the 
presence  of  BK  virus  (BKV)  DNA  sequences.   In  this  regard  it  is  important 
to  note  that  antibodies  to  BKV  develop  during  childhood  and  can  be 
detected  in  75%-80%  of  adult  humans.  DNA  was  prepared  from  the  brain, 
kidney  or  spleen  of  immunocompetent  individuals  dying  from  non-malignant 
diseases  at  the  NIH  Clinical  Center  and  analyzed  by  reassociation  kinetics 
for  BKV  DNA,  In  three  out  of  twenty  tissues  examined  viral  DNA  could  be 
reproducibly  detected  (approximately  0.25  copies/cell);  in  fifteen  of 
the  UNA  preparations  less  than  0.1  copy/cell  was  present  (considered 
negative  in  this  hybridization  system) ;  in  the  renaining  ^wo  DNA  samples 
0.1  to  0.2  copies/cell  were  identified.  Five  human  tumors  and  twenty 
human  tumor  lines  were  subjected  to  a  similar  analysis.   In  all  cases 
less  than  0.1  copy/cell  (considered  negative  in  this  hybridization 
system)  was  detected.  The  latter  results  differ  from  a  previously 
published  study  (PNAS  23.-  4662-4666,  1976)  which  reported  the  presence 
of  BKV  sequences  in  5  of  12  human  tissues  and  3  or  4  human  tumor  cell 
lines.  This  discrepancy,  while  not  presently  resolved,  most  likely 
reflects  a  difference  in  the  purity  of  the  radiolabeled  viral  DNA  probe 
employed  in  such  analyses.  Dr.  Maurice  Green  (St.  Louis  University)  has 
obtained  results  similar  to  ours  and  finds  no  BKV  DNA  sequences  in  human 
tumors.  The  presence  of  viral  DNA  sequences  which  we  observed  in  a  few 
normal  organs  may  very  well  reflect  the  BKV  genome  in  a  dormant  state. 
In  an  immunosuppressed  human  (such  as  a  renal  allograft  recipient)  this 
viral  genetic  information  may  express  itself  and  result  in  the  production 
of  HKV,  a  Frequently  observed  phenomenon  in  such  individuals. 

U.  Recombinant  DNA  experimentation. 

A.   Cloning  polyoma  DNA  in  E.  coll. 

We  plan  to  conduct  risk  assessment  experiments  to  evaluate  potential  dangers 
associated  with  recombinant  DNA  experimentation.   Specifically,  we  Intend  to 
clone  polyoma  viral  DNA  using  plasmid  and  lambdaphage  vector  systems  in 
E.  coli  K12  and  then  feed  or  inoculate  such  materials  into  mice.  These 

c:p7 


studies  will  be  conducted  at  PA  facilities  located  both  on  the  NIH  reservation 
and  at  the  Frederick  Cancer  Research  Center,  Frederick,  Maryland.   Since 
it  is  very  likely  that  no  expression  of  polyoma  DNA  will  occur  within  the 
prokaryotic  host  in  which  it  is  being  propagated,  the  risk  assessment 
experiment  may  merely  involve  an  evaluation  of  the  biological  properties 
of  polyoma  DNA  in  animals.   Accordingly,  we  have  fed  and  Inoculated  super- 
coiled  polyoma  DNA  as  well  as  restriction  enzyme  cleaved  viral  DNA  to 
newborn  mice  and  hamsters.   Our  results  indicate  that  nanogram  amounts 
of  polyoma  DNA  delivered  by  intraparatoneal  or  subcutaneous  routes 
induced  a  productive  viral  infection.   In  no  case  have  we  been  able  to 
establish  polyoma  infection  of  mice  following  oral  or  intranasal  administra- 
tion of  polyoma  DNA.   Polyoma  DNA  was  also  administered  parenterally  to 
newborn  hamsters.  Approximately  10  to  15%  of  the  animals  developed 
tumors  from  60  to  100  days  following  inoculation  of  the  polyoma  DNA.   In 
some  cases  restriction  endonuclease  cleaved  polyoma  DNA  Induced  ttmors 
in  the  hamster  system. 

B.   Cloning  of  a  lambdaphage  DNA  segment  in  E.  coll. 

The  middle  segment  of  Xgt»AB,  generated  by  Eco  Rl  restriction  endonuclease, 
was  ligated  to  the  plasmid  pBR313  and  used  to  transform  E.  coll  K12 
under  P2  conditions.  Analysis  of  the  DNA  present  In  E.  coll  revealed 
the  absence  of  plasmid  and/or  recombinant  supercoiled  DNA.  Both  hybridization 
and  genetic  studies  showed  that  the  lambda  segment  was  present  in  the  E. 
coli,  presumably  covalently  attached  to  the  bacterial  chromosomal  DNA. 
Studies  are  currently  in  progress  to  further  characterize  the  lambda  DNA 
segment  present  in  this  bacterium  and  to  investigate  the  possible  use  of 
this  portion  of  the  lambda  DNA  molecule  as  a  vector  to  insert  foreign 
DNA  into  the  chromosome  of  E.  coli. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Current  studies  are  focused  on  the  synthesis,  modification  eind 
function  of  messenger  RNA  (mRNA) .   A  novel  "cap"  structure  containing 
methylated  nucleotides  has  been  found  at  the  5 '-end  of  a  variety  of 
viral  and  collular  mRNAs.   This  structure  is  important  for  ribosome  binding 
'*"'■'  translation  of  mRNA.   Throe  viral  enzymes,  a  guanylyltransf erase ,  a 
quanine-7-methyltranaferaHe ,  and  nucleo3ide-2 ' -methyltransf eraae ,  are  needed 
to  form  the  cap  and  have  been  isolated  from  vaccinia  virus  cores. 
Similar  activities,  as  well  as  an  adenine-N  -me thy Itransf erase ,  that 
introduces  an  additional  methyl  group  into  the  cap  have  been  isolated 
from  uninfected  HeLa  cells.   The  steps  involved  in  the  post-transcriptional 
modification  of  mRNA  have  been  determined  from  studies  of  these  enzymes. 


The  sequence  complexity  of  vaccinia  virus  mRNA  made  at  different 
times  after  infection  has  been  determined  by  nucleic  acid  hybridization 
in  order  to  understand  the  regulation  of  gene  expression.   Early  mRNA  is 
transcribed  from  only  50%  of  the  genome  whgif^c^e  late  mRNA  is  made  from 
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80%.   Early  vaccinia  virus  proteins  have  been  synthesized  in  vitro  using 
a  coupled  transcription-translation  system. 

Project  Description 

Major  Findings 

During  the  past  year  our  major  effort  has  been  in  three  areas 
related  to  the  Hynthonis,  modification  and  function  of  messenger  RNA 
(inKNA). 

1.    P(Kqt-transcriptional  modifications  of  viral  and  cellular  mRNAs. 
Viral  and  cellular  mRNA  was  shown  by  this  laboratory  in  previous  years 
to  share  common  features  including  (1)  a  5 '-terminal  "cap"  (m  GpppN  ) 
consisting  of  a  7-methylguanosine  (m  G)  linked  by  a  5'  to  5'  triphosphate 
bridge  to  one  or  t^o  consecutive  2 ' -0-methylated  ribonucleosides  (N  ) 
and  (2)  internal  N  -methyladenosine  (m  A)  residues.   During  the  past 
year  work  has  continued  on  the  identification  of  these  modifications  in 
other  viral  and  specific  cellular  mRNAs  aa  well  as  on  the  mode  of  formation 
and  function  of  the  cap  structures. 

The  occurrence  of  a  methylated  5' -terminal  cap  sequence  and  internal 
m  A  residues  has  been  extended  to  the  herpesviruses.   In  the  case  of 
herpes  simplex  1,  most  or  all  of  the  mRNA  is  capped  and  the  most  conmon 
sequences  are  m  pppG  and  m  Gpppm  A  .   Human  histone  mRNAs,  isolated 
from  HeLa  cells  were  found  to  be  unusual  in  that  they  contained  capped 
5 '-ends  with  the  sequences  m  G(5')pppm  a"*,  m  G(5')pppA  and  m  G(5')pppG^ 
but  lacked  internal  m  A  residues.   It  is  possible  that  this  structural 
feature  of  histone  mRNAs  is  related  to  their  rapid  exit  out  of  the 
nucleus,  absence  of  poly (A)  at  the  3 '-end,  unusual  regulation  of  formation 
and  decay,  or  small  size. 

Work  has  continued  on  the  sequences  surrounding  the  internal  m  A 
residues  in  polyadenylylated  HeLa  cell  mRNA.   Using  borate  gel  chromatography 
to  separate  5 '-terminal  from  internal  methylated  oligonucleotides,  we 
determined  that  there  are  primarily  two  sequences  G-m  A-C  (70%)  and  A- 
m  A-C  (30%) .   The  nucleoside  immediately  following  cytidine  may  be 
uridine,  cytidine  or  adenosine  but  not  guanosine.   In  addition,  the  m  A 
residues  are  not  close  to  either  the  5'  or  3'  ends  of  the  mRNA  suggesting 
thrtt  I  lioy  inny  be  in  coding  regions. 

Olio  of  our  major  interest::  has  been  the  mechanism  of  formation  of 
cap  .structures.   During  the  previous  2  years  we  purified  and  characterized 
an  enzyme  complex  from  vaccinia  virus  that  carried  out  the  following  2 
steps: 

GTP  +  (p)ppN-  ^^GpppN-  +  PPi  (1) 

7 
GpppN-  +  AdoMet— ^m  GpppN-  +  AdoHcy  (2) 

An  additional  enzyme  that  carries  out  the  third  step 


tn^GpppN-   +  AdoMetw>m  CpppN""-   +  AdoHcy  (3) 

hail  now  boon  luiririod   to  apparent  homogeneity.      It  is  a  single  subunit 
nti/,ym<'  wllh  n  inol<M,Milfir  wfjUjht  of   35,000  thut  haa  a  stringent  substrate 
M|.riiM  tlcll  y. 

Determination  of  the  mode  of  formation  of  caps  in  cellular  mRNA  is 
important  to  understand  the  way  in  which  nuclear  RNA  is  processed. 
We  have  been  able  to  extract  a  capping  enzyme  from  the  nuclei  of  uninfected 
HeLa  cells  and  are  trying  to  purify  it. 

One  of  the  HeLa  cell  methyltransferases  used  to  form  the  cap  was 
isolated  during  the  previous  year.   That  enzyme  methylated  the  5'- 
quanosine  to  form  m  G.  We  have  now  isolated  another  methyltrsmsf erase 
that  specifically  methylates  m  GpppA  -  ends  of  RNA  to  form  m  Gpppm  A  -. 
From  its  substrate  specificity  we  can  infer  that  this  enzyme  acts  following 
cap  formation. 

Evidence  from  other  laboratories  has  indicated  that  the  cap  structure 
is  necessary  for  ribosome  binding  and  translation  of  messenger  RNA. 
Some  of  these  studies  have  been  criticized  because  the  chemical  methods 
used  to  remove  the  cap  could  have  altered  the  RNA  in  other  ways.   To 
overcome  these  objections,  we  have  "re-capped"  chemically  treated  mRNAs 
using  capping  enzymes  and  restored  ribosome  binding  and  translatability. 

2 .  Sequence  Complexity  of  vaccinia  virus  mRNA.   Different  viral  proteins 
are  made  during  early  and  late  times  after  infection  of  cells  with 
vaccinia  virus.   Efforts  are  being  made  to  understand  the  mechanism  of 
gene  regulation.   Our  first  approach  has  been  to  determine  the  fraction 

of  the  viral  genome  expressed  at  different  times  of  infection.   Results 
obtained  indicate  that  approximately  50%  of  the  vaccinia  virus  genome  is 
transcribed  prior  to  DNA  synthesis  and  80%  after  DNA  synthesis.  Accordingly, 
transcriptional  control  is  an  important  mechanism. 

3 .  In-vitro  synthesis  of  vaccinia  virus  proteins.   The  ability  to 
acuratr^ly  tran.slatf  vLral  mRNAs  will  be  important  in  studies  of  gene 
axprf.-fwtion.   The  Myntheois  of  vaccinia  virus  proteins  in  a  coupled 
transcription-translation  system  was  achieved  by  incubating  vaccinia 
virus  cores  in  a  reticulocyte  lysate  that  had  been  pre-treated  with 
micrococcal  nuclease  to  remove  endogenous  mRNA.   Optimal  conditions  for 
viral  protein  synthesis  have  been  determined  and  efforts  to  identify  the 
viral  proteins  are  in  progress. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

We  have  been  studying  the  specific  biochemical  mechanisms  involved  in  the 
replication  of  the  autonomous  parvovirus ,  KRV  in  a  rat  nephroma  cell  line. 
The  virus  contains  one  molecule  of  linear  single-stranded  DNA  and  three 
:apsid  proteins.   Ongoing  studies  involve  the  mechanism  of  viral  DNA 
replication,  the  intermediates  in  this  replication,  and  the  proteins 
associated  with  and  possibly  influencing  DNA  replication.   We  are  also 
studying  the  viral-specific  mRNAs  and  their  transcription. 
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PHS-6040 
(Rev.  10-76) 


We  have  shovm  that  the  linear,  single-stranded  KRV-DNA  molecule  has  a  molecular 
weight  of  approximately  1.6  x  106.   The  5'  and  probably  the  3'  termini  of  the 
DNA  are  resistant  to  the  single-stranded  specific  Si   nuclease.   These  double- 
stranded  DNA  termini  (90  to  150  nucleotides  in  length)  could  result  from  hair- 
pin turns  of  terminal  palindromic  sequences.   The  3'  double-stranded  DNA 
termini  might  serve  as  a  primer  for  replication  of  the  single-stranded  DNA. 
Preliminary  evidence  Indicates  that  the  molecule  is  self  priming  in  the  presence 
of  DNA  polymerase. 

When  the  KRV  virion  is  disrupted  in  alkali  and  sedimented  in  a  sucrose  gradient 
at  pH  10,  the  virion  DNA  sediments  in  two  discrete  peaks  at  16S,  the  value 
reported  for  purified  KRV  DNA  and  at  8-lOS.   The  8-lOS  peak  contained  DNA  of 
virion  unit  length  (1.58  ±  0.07  pm)  and  two  specific  fragments  at  0.6  ±  0.09  ym 
and  1.02  +  0.14  pm.   The  fragments  could  result  from  one  specific  break  in  the 
viral  DNA.   The  8-lOS  peak  also  contains  a  protein  with  a  molecular  weight 
close  to  that  of  the  largest  viral  capsid  protein  and  DNA  polymerase  activity. 
The  protein  may  be  complexed  with  the  viral  DNA  since  the  density  of  the  8-lOS 
DNA  in  cesium  chloride  is  altered  from  that  found  with  purified  KRV-DNA. 
Further  experiments  on  the  DNA  synthesizing  ability  of  the  complex  are  in 
progress. 

In  our  laboratory  we  have  also  reported  that  the  replication  of  the  linear 
KRV  single-stranded  DNA  molecule  may  involve  a  linear,  double-stranded  inter- 
mediate.  Concatemeric  linear  double-stranded  molecules  of  two  to  four  times 
the  length  of  the  viral  DNA  genome  have  been  found  consistently  and  may  also 
be  involved  in  replication. 

In  conjunction  with  Dr.  Darreil  Campbell  (NCI),  we  have  found  that  rat  adeno- 
carcinoma cells  13762  (a  DMBA  induced  tumor)  are  strongly  inhibitory  to 
lymphocyte  proliferative  responses.   This  inhibition  was  due  to  a  contamination 
of  the  line  with  KRV.   The  virus  can  replicate  in  rat  lymphocytes,  predomlnantely 
in  lymphocytes  stimulated  to  active  proliferation.   Other  transplantable  rat 
tumor  lines  (C58NT)  D  is  also  contaminated  with  KRV.   The  presence  of  such 
viruses  in  in^  vivo  passaged  tumor  lines  may  adversely  affect  the  measurement 
of  lympho-proliferative  responses  to  tumors  in  vitro. 

Experiments  have  also  been  initiated  to  study  the  mode  of  transcription  of  KRV. 
The  isolated  transcriptional  products  from  KRV  infected  rat  nephroma  (RN)  cells 
have  been  characterized  on  sucrose  gradients  following  denaturation  in  dimethyl- 
sulfoxide.   Two  populations  of  RNA  have  been  noted,  one  sedimenting  at  19-20S 
(representing  approximately  60%  of  the  genome)  and  a  second,  more  heterogenous 
population,  sedimenting  from  10-16S.  Whether  the  slower  sedimenting  viral  RNA 
represents  Incomplete  transcripts  and  breakdown  products  or  a  unique  viral  RNA 
has  not  yet  been  determined.  The  virus  specific  RNA  has  been  found  to  be 
polyadenylated.   In  the  future,  we  hope  to  further  characterize  the  viral 
transcriptional  products  and  to  localize  the  transcripts  to  the  viral  genome. 
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Salzman,  L.  A. :   Evidence  for  terminal  Sj^-nuclease  resistant  regions  on  single- 
stranded  linear  DNA.   Virology  76:454-458,  1977. 


51t* 
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Biology  of  Animal  Viruses,  Vol.  2,  Marcel  Dekker,  New  York. 

Salzman,  L.  A.,  L.  McKerlle,  P.  Fablsch  and  F.  Koczot.   Studies  on  a  Protein 
Found  Associated  with  Kilham  Rat  Virus.   In  D.  Ward  and  P.  Tattersall  (eds.) 
Parvoviruses.   Cold  Spring  Harobr  Laboratory,  Cold  Spring  Harbor,  L.I.,  New 
York  (in  press) . 

Salzman,  L.  A.  and  F.  Koczot.   Isolation  of  nucleoprotein  from  the  parvovirus, 
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L.  A.  Salzman  and  R.  B.  Herberman.   Inhibition  of  in  vitro  lymphoproliferative 
responses  by  in  vivo  passaged  rat  13762  mammary  adenocarcinoma  cells  II. 
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Character:'.zation  of  SVAO  DNA  replicating  molecules  is  being  used 
to  determine  the  mechanism  of  replication  in  lytically  infected  African 
green  monkey  kidney  cells.   Studies  are  being  carried  out  on  the  mechanism 
of  chain  elongation  and  to  characterize  the  proteins  associated  with 
replicating  molecules.   Nascent  RNA  chains  that  are  attached  to  template 
DNA  molecules  are  being  isolated  and  regulation  of  viral  m-RNA  transcription 
is  being  studied.   Transcription  complexes  have  bee^rTi;^lIiid~from 
infected  cells  which  continue  viral  mRNA  synthesis  in  vitro   Their 
properties  give  insight  into  the  initial  transcription  products  and  they 
have  shown  that  processing  of  viral  transcripts  is  one  mechanism  that 
operates  to  regulate  transcription. 
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Project  Description: 

We  have  continued  our  study  which  seeks  to  define  events  during  a  cycle 
of  replication  of  SV40  in  monkey  kidney  cells.   During  the  past  year 
greater  emphasis  has  been  given  to  viral  m-KNA  synthesis  in  cell  free 
systems.   In  addition,  studies  of  SV40  DNA  replication  have  continued. 

SV40  DNA  Synthesis. 

An  in  vitro  system  has  been  studied  in  which  replication  of  SV40  DNA 
molecules  that  have  begun  synthesis  in  vivo  are  completed  in  vitro. 
Forty  percent  of  the  replicating  molecules  complete  replication  and  are 
converted  to  the  mature  form  of.the  viral  DNA,  a  covalently  closed 
molecule  (DNA  I).   Analysis  of   P  DNA  (labelled  in  vitro)  indicates 
that  all  regions  of  the  molecule  participate  in  the  replication, 
including  those  sequences  closest  to  the  origin  of  replication.  Other 
products  of  the  reaction  have  been  characterized.   They  include  a  26S 
peak  (neutral  sucrose  gradient)  which  represents  the  remaining  replicating 
molecules  at  a  very  late  state  in  replication.   There  is  a  22S  peak 
which  appears  to  consist  of  replicating  molecules  whose  unreplicated 
portion  is  nicked,  thus  removing  superhellcal  turns  from  that  region. 
The  replicating  SV40  DNA  can  be  isolated  as  a  nucleoprotein  complex. 
Electron  microscopy  of  these  structures  shows  them  to  be  Cairns  theta 
structures  with  nucleosomes  on  both  the  replicated  and  nonreplicated 
portions  of  the  molecule.  Association  of  the  newly  replicated  DNA  with 
histones  during  the  in  vitro  replication  is  determined  by  monitoring  the 
resistance  of  the  newly  replicated  DNA  to  micrococcal  nuclease  during 
the  course  of  the  in  vitro  replication  (Seidman,  Salzman) .   In  the  studies 
described  above,  and  in  all  other  "in  vitro"  systems  in  which  viral  DNA 
synthesis  has  been  studied,  chain  elongation  of  endogenous  replicating 
molecules  has  been  examined.  Recently  we  have  been  able  to  prepare 
extracts  from  nuclei  and  cytoplasm  which  are  able  to  carry  out  the 
synthesis  of  exogenously  added  replicating  molecules.   SV40  DNA  I  which 
Is  formed  in  this  system  has  the  same  superhelix  density  as  DNA  isolated 
from  virions.   This  system  is  valuable  since  it  makes  possible  a  charac- 
terization of  proteins  which  associate  with  viral  DNA  during  replication 
(Chen  and  Salzman) . 

In  Vivo  Studies  of  Viral  mRNA  Synthesis 

Metabolism  of  SV40  RNA  in  cultured  BSC-1  cells  has  been  studied  using 
rapid  uridine  pulse-chase  conditions  that  are  established  by  pretreating 
cells  with  glucosamine.   The  primary  viral  nuclear  transcripts  are 
mainly  late  mRNA.   (RNA  transcribed  from  the  late  (L)  strand  of  SV40 
DNA)  The  half  life  of  nuclear  viral  RNA  is  'v  7  min.  Transport  of  viral 
nuclear  RNA  into  cytoplasm  is  very  fast,  starting  a  few  min  after 
labeling  and  reaching  the  peak  at  "^   15  min  after  labeling.   50%  of 
viral  nuclear  RNA  is  transported  into  cytoplasm.   Kinetic  studies  are 
consistent  with  the  idea  tha^tcytoplasmic  165  is  formed  from  19S  RNA  in 
the  cytoplasm.  The  half  If^S;  of  the  cytoplasmic  19S  and  168  mRNA  are 
3  hr  and  5  hr,  respectively.   (Chiu  &  Salzman). 
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Studies  With  Transcriptional  Intermediates-Regulation  of  Viral  mRNA 
Transcription 

The  goal  of  these  studies  is  to  understand  how  early  and  late  transcription 
of  simian  virus  AO  (SV40)  is  regulated  during  lytic  infection.   Two 
techniques  have  been  used  to  study  this  problem.  First,  we  have  extracted 
viral  transcriptional  intermediates  from  infected  cell  nuclei  with  sarkosyl. 
Synthesis  of  the  nascent  RNA  is  then  continued  in  vitro  by  addition  of 
cofactors  required  for  RNA  polymerase  activity.   Radioactive  uridine 
triphosphate  is  also  added  during  the  reaction  to  label  the  growing  3' 
end  of  the  RNA  that  is  synthesized  in  vitro  by  the  transcriptional 
intermediates.   This  nascent  RNA,  which  is  the  primary  transcription 
product,  has  been  purified  and  characterized.  The  radiolabeled  3'  end 
of  the  RNA  is  hydrogen  bonded  to  the  DNA  template.   Using  transcriptional 
intermediates  we  are  able  to  demonstrate  that  SV40  DNA  I  is  the  template 
for  late  transcription.  We  are  presently  comparing  the  transcriptional 
Intermediates  and  the  RNA  they  synthesize  at  both  early  and  late  times 
after  infection. 

We  have  also  used  the  gene  A  temperature  sensitive  mutant  tsASS  to 
examine  what  role  T  antigen  and  DNA  replication  have  in  the  regulation 
of  transcription.  Cells  infected  with  tsA  mutants  make  a  defective  T 
antigen  when  they  are  shifted  to  the  nonpermissive  temperature  late  in 
infection.  Under  these  conditions,  initiation  of  new  rounds  of  viral 
DNA  synthesis  is  prevented.   However,  both  early  and  late  transcriptional 
intermediates  can  continue  to  be  isolated  and  transcriptional  activity 
increases.   Thus,  continued  viral  DNA  synthesis  is  not  required  for  the 
maintenance  of  late  transcription.  The  greatest  relative  increase 
occurs  with  early  transcription,  and  it  is  concluded  that  T  antigen  may 
have  a  role  in  regulating  its  own  synthesis  late  In  infection.  The  main 
unresolved  problem  is  what  factors  are  involved  in  the  switch  from  early 
to  late  transcription.  We  believe  that  by  comparing  early  and  late 
transcriptional  intermediates  along  with  their  associated  proteins,  we 
can  explain  control  of  viral  transcription  in  vivo  and  eventually  this 
will  lead  to  the  production  of  an  in  vitro  system  which  will  faithfully 
mimic  in  vivo  transcription.   (Blrkenmeier,  Chiu  and  Salzman). 

Oligomeric  Forms  of  SVAO  DNA  Serve  as  Templates  for  Transcription 

A  simian  virus  40  nucleoprotein  complex  containing  an  endogenous  RNA 
polymerase  activity  was  extracted  from  infected  BSC-1  nuclei  Triton  X- 
100  in  low  ionic  strength  buffer.  When  the  nucleoprotein  complexes  are 
labeled  in-vltro  with   P-UTP  followed  by  sedimentation  in  neutral 
HmroHo  gr/iJItMUs  coiiLaLiilug  sarkosyl,  labeled  RNA  is  detected  as  a 
broad  bund  extending  1  com  21S  to  more  than  50S  with  a  major  peak  at  26S. 
After  treuLment  of  the  labeled  complexes  with  pancreatic  ribonuclease,  5 
to  8%  of  the  labeled  RNA  remains  associated  with  the  template  DNA.   The 
majority  of  the  ribonuclease  resistant  material  sediments  slightly 
faster  than  SV40  DNA  I.   The  partially  relaxed  SV40  DNA  I  associated 
with  this  material  represents  the  predominant  template  DNA  for  late  SV40 
transcription.   The  remainder  of  the  ribonuclease  resistant  material 
sediments  in  sucrose  gradients  in  a  series  of  faster  sedimenting  peaks. 

51V 


The  identification  of  these  structures  as  closed  circular  oligOBeric 
SV40  DNA  molecules  that  are  serving  as  templates  for  transcription  is 
based  on  their  sedimentation  rates,  the  time  of  their  accumilation 
during  the  lytic  cycle,  their  migration  in  agrose  gels  and  by  their 
appearance  in  the  electron  microscope.  At  late  tines  after  infection  at 
least  10%  of  the  total  SV40  template  DNA  is  in  the  form  pf  oligomers 
which  may  serve  as  templates  for  the  synthesis  of  high  molecular  weight 
virus  specific  RNA.   (Shani,  Seidman  &  Salzman) . 
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New  York,  N.  Y.  &  London,  1975,  pp.  343-427. 

May,  E.,  Maizel,  J.,  and  Salzman,  N,  P.:  Mapping  of  the  transcription 
sites  of  SV40-specif ic  late  16S  and  19S  mSNA  by  electron  microscopy. 
Proc.  Nat.  Acad.  Sci.  U.S.A.   74^:   496-500,  1977. 

Birkenmeier,  E.  H.,  May,  E.,  and  Salzman,  N.  P.:  Characterization  of 
simian  virus  40  tsA  58  transcriptional  intermediates  at  restrictive 
temperatures:  Relationship  between  DNA  replication  and  transcription. 
J.  Virol.  22;   702-710,  1977. 
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complexes.   Cell  11:  495-504,  1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  the  project  is  to  study  the  organization  of  genes  in  large  DNA 
molecules  obtained  from  animal  viruses.   The  production  and  ordering  of  unique 
segments  of  vaccinia  virus  DNA  provides  a  physical  map  of  the  genome.   A 
transcriptional  map  of  the  genome  can  also  be  determined  by  use  of  the  isolated 
unique  DNA  segments.   The  identification  of  blocks  of  genes  which  produce 
functionally  related  proteins  is  obtained  by  examining  transcription,  and 
translation  of  the  RNA  products  of  DNA  segments  larger  than  10'  daltons.   The 
preparation  of  several  different  restriction  enzymes  which  cut  vaccinia  DNA  into 
these  large  segments  is  necessary.   I  am  also  working  to  improve  the  techniques 
for  separating  and  isolating  very  large  pieces  of  DNA  which  differ  in  size  and 
base  composition  by  relatively  small  amounts,  and  for  hybridizing  segments 
isolated  after  digestion  with  one  restriction  enzyme  to  segments  produced  after 
digestion  with  another  enzyme. 
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Vncclnlii  DNA  Iwin  covaU-ntiy-l  Inked-ccimpiemenLdry  (CLC)  ondn  wliLcli  hltvc  i\h 
reference  points  in  the  physical  map  of  the  genome.   The  Intact  DNA  can 
be  sheared  to  i/A  or  1/8  the  original  length  or  the  DNA  can  be  cleaved  into 
specific  segments  by  restriction  nucleases.   If  fragments  produced  by  either 
means  are  denatured  and  the  solution  neutralized,  then  the  end  fragments 
rapidly  renature  and  they  are  separated  from  single-stranded  DNA,  originating 
in  the  interior  of  the  molecule,  by  chromatography  on  BND-cellulose.   These 
double- stranded  molecules  are  referred  to  as  CLC  fragments  or  segments  and 
the  2  major  ones  are  the  ends  of  the  DNA  molecule.   The  restriction  enzyme 
Hind  III  cleaves  vaccinia  DNA  onto  16  segments  whose  masses  have  been  deter- 
mined by  electrophoresir-  and  centrifugation.   If  the  segments  are  numbered  ^ 
by  decreasing  size,  then  1,  2  and  3  have  masses  of  34,  17,  and  13  or  10  x  10 
daltons  and  account  for  1/2  the  genome.   2  and  3  are  clearly  CLC  segments 
although  they  are  recovered  with  less  than  50%  yield  from  Hind  III  digests  where 
there  is  no  other  evidence  of  single-strand  nuclease  activity.   Segment 
6  also  appears  to  have  some  CLC  character  although  it  is  recovered  in  very   , 
low  Yield.   The  mass  of  segment  3  is  13  x  10  by  electrophoresis  and  10  x  10 
by   P  distribution  indicating  an  expanded  molecular  volume.   Pieces  1,  2 
and  3  can  be  isolated  in  high  yield  with  good  purity  by  centrifugation  so 
that  significant  quantities  of  fractions  of  the  vaccinia  genome  are  readily 
available.  When  actinomycin  D  is  included  in  the  digestion  mix  it  blocks 
certain  sites  and  a  partial  segment  is  formed  which  contains  linked  segments 
1,  2,  4  and  8.   The  intensity  of  the  electrophoretic  bands  indicates  that 
1  and  2  are  neighbors.   The  large  actinomycin  segment  contains  1/2  the  genome. 

Shear  degradation  of  vaccinia  DNA  allows  the  isolation  of  CLC  fragments  which 
can  be  cleaved  by  restriction  nucleases  into  discrete  segments.   This  pro- 
cedure shows  that  segments  11  and  13  are  in  the  middle  of  the  molecule  so 
they  must  be  near  segments  4  or  8.   By  elimination  segments  5  and  6  must  be 
near  the  end  with  CLC  segment  3. 

Another  restriction  enzyme,  Sal  I,  produces  16  segments  whose  masses  have 
been  determined.   The  5  largest  pieces  are  50%  of  the  genome.   CLC  segments 
cannot  be  isolated  directly  after  digestion  with  Sal  I  because  of  a  single- 
strand  nuclease  contaminant,   CLC  fragments  obtained  by  shear  degradation 
of  the  genome  can  be  Sal  I  digested  however  and  the  segments  which  survive 
increasing  shear  rates  can  be  compared  to  the  unsheared  DNA  digestion  pro- 
ducts.  Electrophoresis  indicates  that  fragments  7,8,10,13  and  16  are 
at  or  near  the  ends  of  the  genome.   Segment  1  of  17x10  daltons  is  near  the 
center  of  the  molecule  since  any  shearing  removes  it  during  the  CLC  selection 
procedure.   Other  restriction  enzymes  from  Serratia  marcesens,  Xanthomonas 
malvacearum  and  Xanthomonas  holicola  cleave  vaccinia  DNA  into  about  10  pieces 
and  in  one  case  at  least  the  end  fragments  are  greater  than  10  daltons.   Sma 
I  also  seems  to  produce  partial  segments  in  the  presence  of  actinomycin  D. 
Other  restriction  enzymes  such  as  BAM  I  which  cuts  vaccinia  DNA  into  23 
pieces  may  prove  more  useful  in  the  presence  of  dtugs. 

Microgram  amounts  of  restriction  enzyme  produced  DNA  segments  isolated  from 
electrophoretic  gels  can  be  radiolabeled  in  vitro  and  hybridized  to  segments 
separated  on  other  gels  after  digestion  with  different  restriction  nucleases. 
This  procedure  should  permit  the  complete  mapping  of  vaccinia  DNA  since  Hind 
III  provides  very  large  pieces  near  the  ends  of  the  DNA  while  Sal  I  and  other 
enzymes  provide  large  pieces  which  are  in  the  interior  of  the  molecule. 
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SUMMARY  OF  WORK  (200  words  or  les;,  -  underline  keywords) 

Main  objectives  in  studying  these  defective  human  parvoviruses  (AAV)  are  to 
(i)  define  specific  biochemical  mechanisms  used  in  synthesizing  their  DNA,  RNA 
and  proteins,  (ii)  identify  and  characterize  the  helper  virus -mediated  step(s) 
required  for  their  replication  and  (iii)  relate  biochemical  findings  to  normal 
and  altered  cellular  processes  as  well  as  to  potentials  for  selective  inter- 
ference with  both  AAV  and  Helper  virus  (adenoviruses,  herpesviruses)  infection. 
Among  the  methods  used  are  nucleic  acid  hybridizations,  emalytical  and  pre- 
parative sucrose  and  CsCl  sedimentations,  molecular  cleavage  with  restriction 
nucleases,  gel  electrophoresis  and  electron  microscopy. 
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Project  Description: 

(1)  To  determine  the  origin  of  the  polymerase  responsible  for  synthesis 
of  the  single  AAV  messenger  RNA  (mRNA) ,  transcription  of  the  AAV-2 
genome  as  well  as  the  genome  of  a  helper  virus,  adenovirus  (Ad)  type  2, 
was  studied  in  nuclei  isolated  from  infected  KB  cells.   Major  findings 
indicate  that  (i)  more  AAV  RNA  than  Ad  RNA  is  synthesized  in  nuclei  from 
Ad  +  AAV-infected  cells,  (ii)  AAV  infection  selectively  inhibits  Ad 
transcription  and  (xii) ,   The  AAV  genome  is  also  transcribed  by  the  same 
polymerase  (polymerase  II)  that  transcribes  the  bulk  of  Ad  RNA  and 
cellular  heterogeneous  nuclear  RNA. 

(2)  To  define  the  number  of  AAV-induced  polypeptides  and  to  determine 
their  origin  and  mechanism  of  synthesis  both  in  vivo  and  in  vitro  protein 
synthesis  studies  were  carried  out.   Examination  of  Ad  +  AAV-infected  KB 
and  AGMK  cells  by  SDS  polyacrylamide  gel  electrophoresis  has  revealed  at 
least  five  polypeptides  specific  to  AAV-2  infection.   Evidence  for  the 
virus-coded  origin  of  all  these  polypeptides  was  obtained  through  their 
synthesis  by  an  in  vitro  protein  synthesizing  system  programmed  with 
highly  purified  AAV-specific  mRNA.   Of  the  five  polypeptides,  the  three 
largest  (A,  B  and  C)  co-migrated  with  the  structural  polypeptides  of 
highly  purified  AAV  virions.   Pulse-chase  experiments  indicate  that  all 
of  the  viral  polypeptides  detected  arose  during  nascent  synthesis  and 

not  by  post-translational  processing.   In  addition,  a  blockage  of  synthesis 
of  polypeptides  C  and  D  by  the  amino  acid  analogue,  L-canavanine ,  provides 
presumptive  evidence  for  a  proteolytic  processing  mechanism.   Thus,  AAV 
is  unique  in  that  all  of  its  proteins  are  derived  from  a  single  structural 
protein,  and  that  these  proteins  arise  by  proteolytic  processing  of  the 
nascent  polypeptide. 

(3)  The  specific  mechanism  of  host  restriction  of  AAV  replication  in 
African  green  monkey  kidney  (AGMK)  cells  is  being  investigated,  because 
it  may  provide  insight  into  a  means  for  selective  interference  with 
viral  replication.   For  productive  infection  in  human  cells,  AAV  requires 
coinfection  with  a  human  Ad.  AAV  +  Ad  infection  of  primary  AGMK  cells, 
however,  is  abortive  for  both  AAV  and  human  Ad  (unenhanced  infection) 
unless  cells  are  additionally  infected  with  SV40  virus  (enhanced  infection) . 
We  have  shown  that  both  AAV  mRNA  and  DNA  replicative  intermediates  are 
synthesized  normally  during  unenhanced  infection  with  Ad5  +  AAV-2, 
whereas  neither  structural  nor  nonstructural  AAV  polypeptides  can  be 
detected.   Since  AAV  mRNA  from  either  the  enhanced  or  unenhanced  system 

was  equally  competent  in  directing  AAV  protein  synthesis  in  vitro,  the 
block  in  AAV  polypeptide  synthesis  resides  in  the  translational  machinery 
of  the  cell.   The  inhibition  of  multiplication  of  helper  human  adenoviruses 
may  also  involve  a  similar  mechanism.  Experiments  directed  at  elucidating 
the  specific  defect  are  in  progress. 

(4)  DNA  sequences  coding  for  the  single  AAV  mRNA  have  been  mapped  by  directl; 
visualizing  in  the  electron  microscope  the  position  of  the  mRNA  in  a 
heterotriplex  structure  (R-loop  technique) .   Confirming  previous  biochemical 
data,  highly  purified,  functional  mRNA  represented  about  68%  of  genome 
sequences.   In  addition,  R-loop  data  confirmed  that  the  mRNA  molecule 
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maps  from  within  5%  of  one  specific  terminus  of  the  coding  DNA  strand 
(minus  strand) .  Thus,  there  is  a  segment  of  DNA  sequences  not  expressed 
as  functional  mRNA  which,  theoretically,  could  specify  a  protein  having 
a  molecular  weight  of  about  40,000  daltons.  The  basis  for  these  "wasted" 
sequences  and  their  possible  role  in  viral  replication  is  now  under 
study. 

(5)   The  synthesis  of  AAV  DNA  yields  concatemeric  DNA  forms  (genomes 

linked  into  chains)  which  are  processed  (cut)  to  unit  length  to  generate 

progeny  genomes.   The  enzyme (s)  accomplishing  this  processing  may  also 

play  a  role  in  normal  cellular  DNA  synthesis.   We  have  how  purified  a 

single  strand-specific  endonuclease  from  KB  cells,  a  .possible  candidate 

for  such  a  processing  enzyme.   Both  its  characterization  and  assessment 

of  its  possible  involvement  in  AAV  DNA  replication  are  now  being  investigated. 

Publications: 

Straus,  S.  E.,  Sebring,  E.  D.  and  Rose.-  J.  A.:   Self -primed  replication 
of  adenovirus-associated  virus  DNA.   In  Ward,  D.  and  Tattersall,  P. 
(Ed.):   Cold  Spring  Harbor  Symposium  on  Parvoviruses,  in  press. 

Buller,  R.  M.  L.  and  Rose,  J.  A.:   Chauracterization  of  AAV  polypeptides 
synthesized  in  vivo  and  in  vitro.   In  Ward,  D.  emd  Tattersall,  P.  (Ed.) : 
Cold  Spring  Harbor  Symposium  on  Parvoviruses,  in  press. 

Bloom,  M.  E.  and  Rose,  J.  A.:  Transcription  of  adenovirus-associated 
virus  RNA  in  isolated  KB  cell  nuclei.  Virology,  in  press. 
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SUMMARY  OF  WORK  (200  wordc  or  less  -  underline  keywords) 

The  application  of  physical  and  biochemical  techniques  to  map  and  to  define 
the  structure  of  specific  genetic  regions  in  DNAs  from  both  oncogenic  and 
non-oncogenic  human  adenoviruses,  with  the  ultimate  goals  of  (1)  relating 
these  sequences  to  those  biochemical  activities  which  permit  these  viruses 
to  influence  or  gain  control  of  cellular  functions  (e.g.,  cell  lysis  and 
transformation)  and  (2)  of  defining  basic  mechanisms  for  regulation  of 
genetic  expression  (e.g.,  initiation  of  DNA  synthesis). 
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The  major  objective  has  been  to  characterize  the  molecular  structure  of  both 
oncogenic  and  non-oncoRonlc  human  adenovlruH  Ronomoa  and  to  relate  specific 
regions  of  the  genome  to  the  biochemical  activities  which  permit  these  viruses 
to  influence  or  gain  control  of  the  cells  they  infect.   Central  to  this  goal 
is  the  ability  to  produce  quantities  of  both  physically  and  genetically  defined 
fragments  of  viral  DNA.   The  production  of  such  fragments  is  an  Important  ■ 
prerequisite  to  direct  genetic  comparisons  among  related  viral  genomes  as  well 
as  the  precise  mapping  of  the  biochemical  functions  involved  in  viral  re- 
plication, carcinogenesis  or  both. 

Methods  used  include:  electron  microscopic  visualization  of  macromolecules, 
sucrose  gradient  sedimentation  analysis,  agarose  and  polyacrylamlde  gel 
rlectrophoresls,  rentrictlon  ondonuclease  cleavage  mapping  and  column 
fhromntogrnphy  on  hydroxyrtpat Ita  and  benzolated-naplitholated  DEAE-c©lluloi«. 

Major  findings  include:   (1)  the  generation  of  a  physical  map  of  Ad  18  DNA  by 
ordering  of  fragments  produced  by  several  restriction  endonucleases  used  both 
separately  and  sequentially.   End  fragments  may  be  identified  and  Isolated  on 
the  basis  of  covalently  attached  protein,  (2)  the  characterization  of  a  stable, 
plaque-purified,  varient  of  Ad  18  which  appears  to  differ  from  the  prototype 
strain  only  in  the  size  of  the  inverted  terminal  repetition.   An  apparent 
4%  Increase  in  terminal  sequences  may  be  detected  by  agarose  gel  electrophoresis 
and  by  heteroduplex  analysis.   Of  special  Interest  is  whether  this  Ad  18 
genome  contains  a  repetition  of  oncogenic  sequences  within  the  insertion.   If 
so,  a  "double  dose"  of  transforming  genes  would  be  present  and  could  account 
for  the  high  oncogenic  potency  of  this  virus;  (3)  identification  of  multiple 
sets  of  tandomly  arranged,  complementary  sequences  which  are  structurally 
distinguishable  from  the  sequences  within  the  Inverted  terminal  repetition 
and  arc  clinrnrtorl/.cd  by  their  extremely  rapid,  concentration  Independent, 
reannealing  properi  li'S.   These  sequences  may  be  purified  as  a  result  of  their 
rapid  reannealing  properties  and  their  resistances  to  single-strand  specific 
nucleasea.   Tliulr  pojil  t  Iouh  wliliin  the  genome  nuiy  tie  mapped  (llrtTtly  following 
treatment  with  photochemlcally  activated  cross-linking  agents.   These  sequences 
may  represent  important  control  elements  In  the  expression  of  the  adenovirus 
genome;  and  (4)  the  mapping  of  specific  protein-DNA  interaction  sites  along 
with  the  adenovirus  genome.   These  regions  of  the  DNA  molecules,  by  virtue  of 
their  intimate  association  with  virion  polypeptides,  appear  Inaccessible  to 
the  cross-linking  drug  psoralen  and  its  derivatives  and,  upon  subsequent 
extraction  and  denaturatlon,  provide  an  accurate  linear  record  of  these 
interaction  sites  mappable  along  the  DNA  molecules.   We  propose  to  continue 
structural  analyses  of  the  DNA  of  both  oncogenic  and  non-oncogenlc  human 
adenoviruses  with  the  ultimate  goal  of  relating  specific  regions  of  the  genome 
to  specific  biochemical  functions.   This  information  should  enhance  our 
understanding  of  both  lytic  and  latent  Interactions  between  this  group  of 
viruses  and  the  cells  they  Infect. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  major  objective  of  this  project  is  to  isolate  and  characterize  all  the 
products  of  the  viral  genome  with  the  ultimate  aim  of  elucidating  their  roles 
in  viral  replication  and  interaction  with  host  cells.   We  have  partially 
purified  the  tumor  antigen  along  with  the  U  antigen  from  transformed  cells. 
Current  studies  are  focused  on  those  proteins  associated  with  viral  DNA  in 
nucleoprotein  complexes. 
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Efforts  to  further  purify  and  characterize  the  SVAO  tumor  antigen  from 
transformed  cells  have  reaulied  In  200-300  fold  purified  pruparatlons 
which  still  contain  multiple  antigenic  species.   Highly  purified  preparations 
of  SV40  T  antigen  were  found  to  contain  the  "U"  antigen  as  assayed  by  specific 
radioimmune  precipitation.  The  U  antigen  appears  to  have  a  similar  molecular 
weight  as  the  tumor  antigen.   The  possibility  exists  that  the  native  T  antigen 
represents  a  complex  of  different  smaller  peptides  with  apparent  molecular 
weight  of  approximately  90,000  daltons.   Continued  purification  of  the' pro- 
teins is  complicated  by  the  extreme  labality  of  the  purified  preparations. 

Experiments  have  been  initiated  to  isolate  and  characterize  the  proteins 
associated  with  SV40  DNA  molecules  found  in  nucleoprotein  complexes.   Pro- 
cedures for  the  isolation  of  the  complex  with  intact  antigenic  protein 
molecules  have  been  developed.   We  have  been  able  to  detect  the  tumor  antigen 
in  these  complexes  by  a  sensitive  immunological  assay.   We  are  now  characteri- 
zing the  antigenically  active  proteins  in  the  nucleoprotein  complex  and  will 
be  examining  if  there  is  any  specificity  in  the  interaction  of  the  protein 
with  the  viral  DNA.   It  will  be  of  interest  to  determine  the  role  of  these 
protein  In  the  regulation  of  viral  DNA  synthesis  and  transcription. 
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Molluscum  contagioBum  virions  were  isolated  from  clinically  typical  skin 
lesions  and  the  DNA  extracted  and  characterized  using  techniques  of  electron 
microscopy  and  agarose  gel  electrophoresis .   The  structural  characteristics 
determined  in  these  studies  tend  to  place  the  MCV  genome  among  other  members 
of  the  poxvirus  group  in  terms  of  genome  molecular  weight  and  organization. 
Tho  (ippnront  dannturablHty  of  the  MCV  genome  into  a  continuous,  aingle- 
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molecule.   Only  vaccinia  DNA  has  a  similar  structure.   The  objective  of  these 
studies  has  been  to  defLne  these  structural  features  and  to  relate  them  to  the 
biochemical  events  involved  in  the  replication  and  growth  of  this  virus  in  the 
cells  they  infect. 
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Molluscum  contaglosum  virus  (MCV)  is  a  member  of  the  mammalian  poxvirus  sub- 
group which  causes  a  benign  tumor  of  the  skin  in  humans.  Although  msiny   studies 
have  appeared  describing  the  size,  shape,  fine  structure,  and  con^osition  of 
the  virus,  little  is  known  about  its  DNA  structure.   In  order  to  obtain  detailed 
structural  information  on  the  genome  of  this  virus,  virions  were  isolated 
from  clinically  typical  lesions,  and  the  DNA  was  extracted  under  conditions 
which  minimized  both  mechanical  shear  and  nuclease  damage  to  the  DNA  and 
characterized  using  techniques  of  electron  microscopy,  agarose  gel  electro- 
phoresis, and  restriction  endonuclease  cleavage  mapping.   In  some  experiments, 
a  comparison  of  the  structural  features  of  the  Molluscum  contaglosum  virus 
genome  with  those  of  another  member  of  the  poxvirus  group,  namely,  vaccinia. 
The  genomes  of  both  poxviruses  appeared  in  the  electron  microscope  as  a  linear, 
duplex  DNA  molecule  having  a  molecular  weight  of  118  x  10^  daltons.  However, 
HlnKlL'-stranded  circles  measuring  twice  the  length  of  linear  molecules  were 
observed  following  high  levels  of  denaturatlon  suggesting  that  the  genomes  are 
continuous  polynucleotide  chains  which  are  base  paired  to  form  a  linear,  duplex 
DNA  molecules.  This  unique  structural  feature  has  only  been  demonstrated  with 
vaccinia  and  MCV  genomes.  Partial  denaturatlon  profiles  of  HCV   and  vaccinia 
virus  DNA  differed  markedly  when  mounted  for  microscopy  under  similar 
conditions.  MCV-DNA  consistently  required  an  additional  10°  equivalents  to 
achieve  comparable  levels  of  denaturatlon.   In  contrast  to  vaccinia  virus  DNA, 
the  most  easily  denaturable  regions  of  the  MCV  genome  appeared  to  be  the  ends 
of  the  molecule.   When  MCV-DNA  was  cleaved  by  restriction  endonuclease  BAM'HI, 
12  fragments  were  produced  ranging  in  size  from  A  x  10^  to  31  x  10"  daltons  as 
determined  by  agarose  gel  electrophoresis  and  contour  length  measurements. 
Vaccinia  virus  DNA,  similarly  treated,  produced  more  than  23  fragments  which 
did  not  appear  to  correspond  in  size  to  those  of  MCV.   With  this  aim  of  comparing 
the  genetic  and  structural  heterogeneity  of  the  MCV  genome,  11  independently 
Isolated  virus  samples  were  analyzed.   Only  three  cleavage  profiles  were 
detected  with  name   TragmentH  present  in  all  three  profiles,  comlgratlng  in 
agarose  geln.  Although  we  have  not  yet  collected  a  large  enough  body  of  data 
to  make  any  reasonable  assessment  of  the  relationship  between  the  clinical 
characteristics  of  the  (llHeane  and  the  restriction  endonuclease  cleavage 
patterns,  it  may  be  possible  once  the  data  are  accumulated,  to  relate  these 
observations  and  to  develop  a  useful  molecular  epidemiological  scheme.   Such 
a  scheme  would  make  possible  rapid  identification  and  classification  of  MCV 
Isolates  without  the  necessity  of  propogatlng  the  virus  in  the  laboratory. 

Publications: 

Parr,  R.  P.,  Burnett,  J.  W.  and  Garon,  C.  F. :   Structural  Characterization  of 
the  Molluscum  Contaglosum  Virus  Genome.  Virology  in  press  (1977). 
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Richard  Asofsky,  M.D. 
Chief,  Laboratory  of  Microbial  Immunity 

Research  in  this  Laboratory  concerns  the  basic  mechanisms  controlling 
cellular  and  humoral  immunity  to  microbial  and  tissue  antigens.  A  wide 
range  of  microbes,  including  several  viruses,  blood  parasites,  and  pneumo- 
coccal polysaccharides  are  used  in  this  work.  Tissue  antigens  include 
constituents  of  integrated  leukemia  viruses  which  are  present  on  cell 
surfaces,  and  histocompatibility  antigens.  The  latter  are  studied  In  graft- 
versus-host  and  allograft  reactions.  Basic  research  Is  done  on  control 
of  immunoglobulin  synthesis  and  sjmthesls  and  aesembly  of  laanunoglobullns 
in  plasma  cells  and  B  lymphocytes,  using  cloned  tumor  cell  lines.  Hetero- 
geneity of  thymus-derived  cells  is  analyzed  by  use  of  alloantigenic  markers. 
In  the  last  two  years,  much  of  the  work  in  the  Laboratory  has  acquired  a 
genetic  base,  with  studies  of  genes  controlling  expression  of  leukemia  anti- 
gens, those  controlling  T-lymphocyte  differentiation  and  those  controlling 
antibody  formation  to  pneumococcal  polysaccharide. 

MODE  OF  ACTION  OF  THYMUS-DERIVED  (T)  AMPLIFIER  CELLS.  DEFINED. 

The  work  of  many  investigators  has  shown  that  the  development  of  an 
antibody  response  to  several  antigens  requires  the  co-operative  interaction 
of  at  least  two  kinds  of  lymphoid  cells;  bone  marrow-derived  precursors  of 
antibody-forming  cells  (B  cells)  and  thymus-derived  (T)  helper  cells.  The 
latter  act  at  an  early  stage  of  the  Immune  response,  perhaps  in  conjunction 
with  macrophages,  to  initiate  antibody  formation  by  B  cells.  Although  helper 
T  cells  are  not  required  for  a  normal  antibody  response  to  Type  III  pneumo- 
coccal polysaccharide  (SSS-III) ,  the  magnitude  of  the  response  to  this  anti- 
gen is  nevertheless  influenced  by  the  activities  of  at  least  two  other  types 
of  T  cells  with  opposing  functions;  suppressor  T  cells,  which  limit  the 
extent  to  which  B  cells  proliferate  after  immunization,  and  amplifier  T  cells 
which,  in  the  absence  of  suppressor  T  cells  increase  the  magnitude  of  the 
antibody  response  produced.  The  results  of  current  studies  conducted  in 
this  Laboratory  show,  for  the  first  time,  that  amplifier  T  cells  act  mainly 
to  drive  B  cells  to  proliferate  further  in  response  to  antigens.   Such  cells 
represent  a  functionally  distinct  population  of  T  cells  which  differ  from 
helper  T  cells  -  and  other  types  of  T  cells  -  in  their  ontogenetic  develop- 
ment, sensitivity  to  steroids,  mode  of  action  and  kinetics  for  the  expression 
of  maximal  activity.   The  biomedical  significance  of  this  new  and  unique 
population  of  regulatory  T  cells,  which  escaped  detection  in  studies  conducted 
with  other  less  well-defined  antigens,  is  being  assessed.   (Dr.  R.  B.  Markham, 
Dr.  P.  J.  Baker,  Dr.  B.  Prescott,  Mr.  P.  W.  Stashak,  and  Ms.  D.  F.  Amsbaugh, 
LMI/NIAID). 
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GENETIC  CONTROL  OF  EXPRESSION  OF  LEUKEMIA  ANTIGENS  ON  LYMPHOCYTES. 

The  major  glycoprotein  of  murine  leukemia  viruses,  termed  gp70,  has 
been  found  to  be  present  in  the  serum  and  on  the  surface  of  normal  murine 
lymphocytes.  However,  inbred  mouse  strains  difer  greatly  in  the  level  of 
gp70  expression:  NZB,  NZW,  and  DBA/2  mice  express  large  amounts  of  antigen, 
whereas  low  levels  of  gp70  are  present  on  lymphocytes  from  C57BL/6,  C57L,  and 
NFS  mice.   Studies  of  matings  betveen  DBA/2  and  C57BL/6  or  C57L  have  shown 
that  the  level  of  antigen  expression  is  under  genetic  control.  In  crosses 
between  DBA/2  and  C57BL/6  expression  of  gp70  is  regulated  by  a  gene  linked 
to  Gpd-1  on  chromosome  4.  Another  gene,  linked  to  In  on  chromosome  1,  in- 
fluences the  level  of  cell  surface  antigen  in  crosses  between  DBA/2  and 
C57L.   Studies  in  progress  indicate  that  this  cell  surface  antigen  is  related 
to  the  gp70  of  xenotropic  and  not  ecotropic  murine  leukemia  viruses. 
(Drs.  Morse  and  Mathieson,  Ms.  Campbell,  LMI/NIAID;  Drs.  Hartley  and  Rowe, 
LVD/NIAID;  Dr.  Chused,  NIDR;  Ms.  Sharrow,  NCI). 

A  MOUSE  MYELOMA  WHICH  SYNTHESIZES  TWO  PARAPROTEINS  "SEGREGATES"  ITS  PROTEIN 
PRODUCTS . 

SAMM  368,  a  transplantable  myeloma  of  BALB/c  mice,  synthesizes  and 
secretes  two  paraproteins,  an  IgA,  and  an  IgG2b,  which  have  different  idio- 
types.  The  IgA  and  IgG-,  were  separated  by  chromatography  on  DEAE  cellulose, 
then  the  light  chains  from  each  obtained  by  reduction,  alkylation,  and  gel 
filtration  in  acid  urea.   Sequence  analysis  of  the  amino-terminal  portions 
showed  that  the  light  chain  obtained  from  the  IgA  and  that  obtained  from 
the  IgG-,  differed  by  10  of  the  first  23  amino  acids,  and  by  3  amino  acids 
in  the  first  hypervariable  region.   No  contamination  of  one  light  chain 
with  the  other  was  detected.   These  results  show  that  this  plasma  cell  tumor 
synthesizes  4  major  polypeptides,  and  pairs  light  and  heavy  chains  with- 
out mixing.   (Dr.  Morse,  Mr.  Goode,  LMI;  Dr.  Rudikoff,  NCI) 

Assembly  of  the  two  immunoglobulins  was  examined  in  a  cloned  tissue 
culture  line  of  SAMM  368.   Cells  were  incubated  continuously  with  H  lysine 
and  leucine  for  several  hours.   Secreted  or  intracellular  immunoglobulins 
were  precipitated  with  anti  IgA,  anti  IgG,  or  not  precipitated,  then 
analyzed  on  SDS  acrylamide  gels.   The  cells  secreted  IgG  and  IgA,  with 
no  evidence  of  secreted  molecular  hybrids.   Similarly,  intracellular 
analysis  showed  IgG  and  TgA,  with  no  evidence  of  molecular  hybridization. 
AlLlioiigli  iln-  htoHyiiLlioL  Ic-  .itudLes  have  not  been  extended  to  light  chains, 
It  seems  likely  that  this  tumor  has  mechanisms  which  segregate  the  two 
major  protein  products.   (Drs.  McKeever,  Neiders,  Morse,  and  Asofsky,  LMI). 

NEOPLASTIC  LYMPHOID  CELLS  SERVE  AS  MODELS  FOR  DIFFERENTIATION  OF  LYMPHOCYTES. 

Thymus-derived,  transplantable  lymphomas,  were  analyzed  for  the  pre- 
sence of  the  differentiation  antigens  Ly-1  and  Ly-2.   Lymphomas  induced 
in  BALB/c  mice  with  ethyl-nitrosurea  were  examined.   The  majority  of  tumors 
were  Ly  2  Ly  1  ;  one  was  Ly  1  Ly  2  ,  and  2  were  Ly  1  ,  Ly  2  .   Thus  the 
majority  had  restricted  differentiation  antigens,  like  peripheral  T  lymphocytes, 
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but  unlike  thymocytes.   Many  of  the  tumors  were  established  in  vitro ;  pheno- 
typic  expression  of  Ly  antigens  was  identical  with  the  in  vivo  parent  tumors 
and  has  been  stable  for  a  l^rge  number  of  generations.   (Drs.  Mathieson,  Kim, 
and  Asofsky;  Ms.  Campbell,  LMI;  Dr.  M.  Potter,  NCI) 

Transplantable  reticulum  cell  sarcomas  which  arose  spontaneously  in  old 
BALB/c  mice  were  analyzed  for  presence  of  surface  immunoglobulins  by 
immunofluorescence.   Over  50  tumors  were  found  which  were  Ig  ,  usually  IgM  . 
Eight  such  tumors  have  been  established  in  long  term  culture  of  which  6  re- 
mained Ig  .   Biosynthetic  evidence  was  obtained  that  such  cells  synthesize 
a  molecule  like  an  8S  subunit  of  IgM.   (Ms.  Campbell,  Drs.  Kim,  McKeever, 
and  Asofsky,  LMI;  Dr.  R.  Merwin,  NCI^ 

ENVIRONMENTAL  FACTORS  INFLUENCE  SEVERITY  OF  GRAFT-VERSUS-HOST  REACTIONS. 

Mice  bred  at  the  NIH  are  now  reared  in  a  pathogen-free  environment. 
Six  week  old  mice  were  transferred  to  a  conventional  environment,  and 
the  GVH  reactivity  of  spleen,  lymph  node,  and  thymus  cells  tested  at  intervals 
of  about  1  week  using  a  quantitative  spleen  weight  assay.  Activity  by  all 
tissues  rose  to  a  peak  at  23  days,  then  subsided  to  a  level  higher  than  that 
of  7  week  old  mice  but  lower  than  that  of  9  week  old  mice.  The  changes  in 
activity  were  most  conspicuous  in  spleen  and  lymph  node.   Cells  from  7  week 
old  mice  were  five  times  as  active  as  cells  from  mice  reared  entirely  in  a 
conventional  environment.   The  changes  in  activity  observed  were  similar  to 
those  seen  in  the  past  in  germfree  mice  which  were  transferred  to  a  conventional 
environment.  This  work  indicates  that  environmental,  non-genetic  factors 
affect  the  severity  of  graf t-versus-host  reactions  by  changing  the  reactivity 
of  donor  lymphocytes.   (Drs.  Kanellopoulos  and  Asofaky,  LMI) 


535 


ADMINISTRATIVE. 

The  Laboratory  was  joined  this  past  year  by  3  research  associates; 
Dr.  Paul  McKeever  in  1976,  and  Drs.  Carol  Armstrong  and  Kenneth  Schroer 
in  1977.  New  investigators  in  the  visiting  program  are  Dr.  Yvonne  Rosenberg, 
a  Visiting  Fellow  from  Australia,  and  Dr.  Reuven  Laskov,  a  Visiting  Scientist 
from  Israel.  Dr.  Bonnie  Mathieson,  a  guest  worker  in  1976,  became  a  staff 
fellow.  Departures  included  3  research  associates.  Dr.  Henry  Herrod  (in  1976) 
and  Drs.  Fredric  Weinbaum  and  Richard  Markham  in  1977.  Dr.  Mirdza  Neiders 
completed  3  years  as  an  Intergovernmental  Exchange  Guest  Scientist,  and 
returned  to  S.U.N.Y.,  Buffalo. 
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Assembly  of  immunoglobulin  chains  was  studied  in  SAMM  368,  a  transplantable 
myeloma  of  mice.   Tissue  culture  clones  of  this  tumor,  shown  to  contain  2 
myeloma  proteins,  an  IgA  and  an  IgG2b,  as  well  as  variant  clones,  producing 
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or  extracellular  mixing  of  IgG  and  IgA  was  found. 
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Project  Description: 

Progress  was  made  this  year  in  two  main  areas:  (1)  analysis  of  immuno- 
globulin (Ig)  synthesis  in  SAMM  368,  a  myeloma  which  synthesizes  two, 
rather  than  the  usual  one,  myeloma  proteins;  and  (2)  definition  of  B-lympho- 
mas. 

Established  cell  lines  of  this  tumor  have  been  obtained  in  which 
almost  all  of  the  cells  contain  both  an  IgA  and  an  lgG2b  myeloma  protein, 
as  judged  by  immunofluorescence.   Cells  from  tissue  culture  were  incubated 
In  medium  containing  H  labeled  lysine  and  leucine.   Supernatant  fluids 
and  cell  lysates  were  precipitated  with  anti  IgA,  antl  IgG  or  not  precipi- 
tated, and  then  analyzed  by  separation  of  polypeptides  and  proteins  in 
SDS-polyacrylamide  gels.   Each  gel  was  sliced  into  50  equal  slices,  and  the 
slices  counted  for  radioactivity.  When  needed  slides  from  parallel  gels 
were  reduced  and  alkylated,  then  analyzed  on  new  gels  for  constituent  poly- 
peptides. Although  the  evidence  from  immunofluorescence  indicated  that  each 
cell  contained  at  least  three  chains,  a,  y»  <»  ^°   evidence  of  a-y  mixing 
was  found.   IgA  and  IgG  appear  to  exist  as  separate  entities  In  the  cell. 
It  may  be  the  case  that  special  mechanisms  exist  to  keep  each  protein  syn- 
thesized apart. 

Transplantable  lymphomas  and  sarcomas  of  BALB/c  mice,  originating  as 
"reticulum  cell  sarcomas"  have  been  analyzed  for  surface  Immunoglobulin 
using  fluorescein  labeled,  affinity  purified  goat  anti  mouse  IgM,  IgA, 
IgG„,  IgG^,  and  a  purified  rabbit  antibody  which  detects  all  classes  and 
light  chains  ("polyvalent").  Cells  fell  into  several  categories:   IgM  ; 
IgM"  polyvalent  ;  IgG.   and  IgG2'*'.  Eight  representative  tumors  have  been 
established  in  culture.   Two  synthesize  IgM  like  molecules,  as  judged  by 
inforporatlon  of  H-'  lysine,  leucine  and  precipitation  with  anti  immuno- 
globulin.  These  cell  lines  should  serve  as  good  examples  of  Ig  formation 
and  exteriorization  in  B  lymphocytes. 

Publications; 

Neiders,  M.  E.,  Morse,  H.  C,  III,  Lawton,  A.  R.  ,  III,  and  Asofsky 
R. :  Murine  plasma  cells  secreting  more  than  one  class  of  immuno- 
globulin heavy-chain.   III.   Immunoglobulin  production  by  estab- 
lished cultures  and  cloned  lines  of  SAMM  368.  J.  Immunol .  (In  press). 

McMaster,  Philip  R.  B. ,  Owens,  J.  D.  and  Asofsky,  R. :   Hapten  specific 
loukocyto  mlnrntlon  Inhibition.   I.   Inhibition  of  cells  from  animals 
Iinmunlzod  with  DNP-KLH  by  e-DNP-L-Lysine  Flcoll.   J.  Immunol.  118: 
1335-IJJ7,  1977. 

McMaster,  P.  R.  B.,  Owens,  J.  D.,  Dvorak,  H.  G.,  Weichbrod,  R. ,  and 
Asofsky,  R. :  Hapten  specific  delayed  hypersensitivity  to  e-DNP-L- 
Lyslne-Flcoll   in  guinea  pigs  immunized  with  DNP-KLH.  J^.  Exp.  Med. , 
145:   1101-1114,  1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Two  plasmacytomas  of  BALB/c  mice  were  shown  to  produce  two  immunoglobul in 
classes.   Both  tumors  were  shown  to  express  the  two  classes  within  single 
cells.   The  IgG2b  and  IgA  paraproteins  of  one  tumor,  SAMM  368,  were  isolated 
and  shown  to  have  differing  idiotypes.   In  addition  the  IgG2b  of  SAMM  368 
did  not  express  the  usually  allotype  determinants  of  this  class.   The  idio- 
typic differences  between  the  paraproteins  were  found  to  reflect,  in  part, 
major  amino  acid  sequence  differences  in  the  amino  terminal  40  residues 
of  the  light  chains. 

A  series  of  NZR  plasmacytomas  was  analyzed  for  the  frequency  of  immuno- 
globulin class  distribution.   As  compared  to  a  similar  series  of  BALB/c 
tumors,  IgG  parnprotelns  were  much  more  frequent  and  IgA's  much  reduced 
In    rrcciiiency . 
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Project  Description: 

These  studies  are  designed  to  investigate  the  mechanisms  regulating 
immunoglobulin  (Ig)  gene  expression  in  Ig  producing  cells.   They  are 
based  primarily  on  evaluations  of  murine  plasmacytomas  induced  in  the 
following  mouse  strains. 

(1)  BALB/c  -  previous  studies  demonstrated  that  6.9%  of  BALB/c 
plasmacytomas  produce  nscites  containing  more  than  one  Ig  class. 

Two  of  these  tumors  were  shown  to  have  single  cells  which  contained  two 
Ig  heavy  chains  as  demonstrated  by  direct  Immunofluorescence.   Further 
studies  of  one  of  these  "double  producers",  SAMM  368,  has  demonstrated 
that  the  IgG2b  and  IgA  paraproteins  secreted  by  the  tumor  do  not  share 
idiotype  and  that  it  produces  two  quite  different  kappa  chains  as 
defined  by  amino  acid  sequences  through  the  first  hypervariable  region. 
Furthermore,  each  kappa  chain  is  associated  with  only  one  of  two  heavy 
chains  in  the  secreted  Ig.   The  capacity  of  normal  plasma  cells  and 
lymphocytes  to  produce  more  than  one  Ig  class  is  well  documented,  but 
the  genetic,  assembly  and  secretory  controls  required  to  produce  this 
phenotype  are  poorly  understood.   SAMM  368  provides  a  unique  opportunity 
to  study  a  single  cell  population  which  produces  more  than  Ig  class  on 
serial  transplantation  and  in  vitro.  We  plan  to  continue  studies  of  the 
two  heavy  chains  from  the  tumor  to  determine  if  they  are  as  dissimilar 
in  their  variable  regions  as  the  light  chains  are.  Cyanogen  bromide 
fragments  of  the  a  chain  have  been  obtained  and  are  being  prepared  for 
amino  acid  sequencing.   We  also  wish  to  pursue  the  possibility  that,  in 
spite  of  the  idiotype  differences  between  them,  these  two  Ig  classes  might 
have  the  same  antigen-binding  specificities. 

Finally,  a  second  "double  producer",  TEPC  609,  will  be  evaluated 
more  extensively.   Preliminary  work  indicated  that  the  IgG2b-A  and  IgA-X 
paraproteins  produced  by  the  tumor  have  shared  idiotypes.  We  will 
proceed  with  chain  separations  and  amino  acid  sequencing  of  these  M-com- 
ponents. 

(2)  NZB-studies  of  552  primary  plasmacytomas  from  this  strain 
revealed  that  9.1%  of  ascites  contained  more  than  one  Ig  class.   Further- 
more, as  compared  to  BALB/c  tumors  in  which  TgA  secrctors  predominate, 
IgC's  (IgGl,  IgG2a,  and  Ig2b)  are  the  most  frequent  Ig  classes  produced 
by  NZB  Liimors.   llccaiiBi'  I  ln'  nntlsera  used  in  tost  In):-,  for  Tg  rlass 

were  raised  against  BALB/c  paraproteins,  the  poLentlai  for  untoward  re- 
activities with  NZB  products  was  evaluated.   Initial  studies  indicate 
that  a  subpopulation  of  NZB  IgA  paraproteins  are  recognized  by  an  anti- 
serum raised  against  BALB/c  IgG3.   At  least  3  tumors  which  intially 
appeared  to  produce  both  IgA  and  IgG3  have  been  shown  to  demonstrate 
this  property;  the  large  majority  of  NZB  IgA's  do  not  and  it  was  not 
observed  In  our  study  of  BALB/c  tumors.   Work  is  in  progress  to  define 
the  basis  of  this  reactivity  pattern. 
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Additional  studies  to  be  performed  with  NZB  paraproteins  include: 
(a)  analysis  of  immune  response  genes  required  for  production  of  allotypic 
antisera  to  different  Ig  classes.  Preliminary  studies  indicate  that  the 
pattern  of  responsiveness  of  IgA  paraproteins  from  NZB's  is  different 
from  that  observed  with  BALB/c  IgA  myelomas;  (b)  amino  acid  sequence 
analyses  of  antigen-binding  tumors.   Partial  sequences  obtained  on  one  of 
two  NZB  insulin-binding  IgA  tumors  indicate  that  the  kappa  light  may 
be  identical  to  the  light  chain  of  the  BALB/c  insulin-binding  myelomas; 
(c)  analyses  of  potential  "auto  reactivity"  of  NZB  paraproteins.   Myeloma 
ascities  are  being  tested  for  binding  DNA,  RNA,  and  thjrmocytes.   Analyses 
for  ANA  and  bromalin-red  cell  reactivity  will  also  be  performed. 

(3)   (BALB/c  X  NZB)F-j^  mice  -  a  major  question  raised  by  the  observa- 
tion of  single  cells  with  two  Ig  products  is  if  the  paraproteins  demonstrate 
allelic  exclusion  or  inclusion.   This  question  cannot  be  approached  in 
"doubles"  of  inbred  strains  but  could  be  answered  in  mice  heterozygous 
for  heavy  chain  linkage  groups.   For  this  reason,  we  have  begun  studies 
of  plasmacytomas  produced  in  F-i  mice.   We  plan  to  identify  and  passage 
double  producers,  isolate  the  paraproteins,  and  characterize  them  for 
allotype  markers. 


Publications; 

Morse,  H.  C.  Ill,  Pumphrey,  J.  G. ,  Potter,  M.  and  Asofsky,  R. : 
Murine  plasma  cells  secreting  more  than  one  class  of  inraiuno- 
globulin  heavy-chain.   I.  Frequency  among  778  primary  plasma- 
cytomas of  ascites  containing  two  or  more  M-components. 
J.  Immunol.  117:   541-547,  1976. 

Baker,  P.  J.,  Morse,  H.  C.  Ill,  Cross,  S.  S.,  Stashak,  P.  W.,  and 
Prescott,  B.:  Maturation  of  regulatory  factors  influencing  the 
magnitude  of  the  antibody  response  to  Type  III  pneumococcal 
polysaccharide.   J.  Infect.  Pis.   (in  press)  1977. 

Morse,  H.  C.  Ill,  Neiders,  M. ,  Lieberman,  R. ,  Lawton,  A.  R. , 
and  Asofsky,  R. :   Murine  plasma  cells  secreting  more  than  one 
class  of  immunoglobulin  heavy  chain  II.  SAMM  368-A  plasmacytoma 
secreting  IgG2b-K  and  IgA-K  immunoglobulins  which  do  not  share 
idiotypic  determinants.   J.  Immunol.   118:    1682-1689,  1977. 

Morse,  H.  C.  Ill,  Goode,  J.  H.  Jr.,  and  S.  Rudikoff.   Murine 
plasma  cells  secreting  more  than  one  class  of  immunoglobulin 
heavy  chain.   IV.   Sequence  differences  between  K-chains  of 
SAMM  368  IgG2b  and  IgA.   J.  Immunol.    119:    361-363,  1977. 
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T  cell  lymphomas  have  been  demonstrated  to  express  differentiated  surface 
Ly  antigen  phenotypes  similar  to  those  of  normal  peripheral  T  cell  sub- 
populations.  These  phenotypes  are  stable  isi   vivo  with  tumor  transplantation 
and  in  vitro  with  established  culture  lines. 

A  neonatal  thymic  suppressor  cell  subpopulations  enriched  by  treatment 

with  mouse  thymic  virus  was  demonstrated  to  express  a  different  Ly  phenotype 

(Ly  1,  2,  3+)  from  antigen-specific  suppressor  cells  in  adults  (Ly  2 ,  3+) . 
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Project  Description: 

I .   Expression  of  T  cell  differentiation  antigens  on  lymphomas 

The  major  work  of  this  project  was  designed  to  examine  the  rela- 
tion of  T  cell  lymphoma  surface  phenotypes  to  those  of  normal  functional 
peripheral  T  cells. 

Using  transplanted  tumors  (10  ethyl-nitrosourea-induced  BALB/c 
lymphomas  and  3  spontaneous  AKR  lymphomas) ,  it  was  determined  that 
11/13  Thy  1  or  TL"^  (i.e.  T  cell)  tumors  expressed  either  Ly  1  or  Ly  2 
antigens  but  not  both.   Three  methods  were  used  to  determine  that 
these  tumors  expressed  restricted  Ly  antigen  phenotypes:  (a)  Cytotoxicity 
dependent  on  serum  alloantibody  and  complement;  (b)  Immunofluorescence  with 
affinity  purified, fluorescein  conjugated,  goat  anti-mouse  immunoglobulin 
to  stain  cells  that  had  reacted  with  alloantisera;  and  (c)  Absorption 
typing  using  standard  ratios  of  tumor  cells  and  titered  antiserum,  followed 
by  definitive  testing  either  by  cytotoxicity  or  immunofluorescence  on 
thjraius  cells  from  either  B6  or  B6/Ly  congenic  mouse  strains  as  was  appro- 
priate for  the  antigen  being  tested.  This  last  method  appears  to  be  the 
only  consistently  reliable  method  of  typing  tumors  from  strains  containing 
or  expressing  high  levels  of  leukemia  viruses,  or  for  typing  cultured 
tumor  lines. 

Since  the  T  cell  tumors  resemble  differentiated  peripheralized 
thjnnus  cells  it  is  possible  that  such  tumors  may  represent  T  cells  in 
fixed  states  of  functional  differentiation.   To  further  evaluate  this 
question,  T  cell  tumors  from  BALB/c  mice  have  been  established  ±n   vitro 
and  re-examined  for  T  cell  antigen  phenotype.   The  T  cell  phenotype  remains 
Htablo  both  In  vivo  over  many  generations  of  transplantation  and  also  in 
the  established  in  ylLro  lines  (Kim,  Mathtesoii,  Welnbaiim,  and  Asof sky) . 
Continued  examination  of  the  established  T  cell  tumor  lines  for  functional 
activity  is  anticipated. 

Examination  of  an  additional  group  of  primary  spontaneous  AKR 
lymphomas  and  several  unusual  AKR  lymphomas  from  aged  or  thymectomized 
mire,  which  fx)iri'8s  characteristics  of  both  T  and  B  cells,  has  confirmed 
that  most  lymphomas  express  a  restricted  differentiated  Ly  antigen  pheno- 
type.  Additional  studies  to  determine  whether  other  T  cell  antigen  markers 
for  differentiation  are  present  on  these  tumors  and  whether  lymphomas 
from  F,  mice  (heterozygous  for  Ly  antigen  alleles)  express  both  alleles  of 
an  antigen  subtype. 
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II.   Expression  of  T  cell  differentiation  antigens  on  neonatal 
suppressor  T  cells. 

This  project  was  designed  to  determine  whether  non-specific  neo- 
natal suppressor  cells  have  the  same  characteristic  phenotype  as  adult 
suppressor  T  cells. 

To  enrich  for  neonntal  suppressor  cell  activity  mouse  thymic  virus 
was  ust'il  to  infect  newborn  mice.   Residual  thymic  cells  were  examined 
10-14  days  after  infection  for  surface  phenotype  by  cytotoxicity  and 
double  label  immunofluorescence.   The  residual  thymus  population,  which  was 
demonstrated  to  be  enriched  for  suppressor  cells,  was  determined  to  be 
Ly  1"*"  2"*"  S"*"  and  Thy  1  +,  TL  +,  H-2   compared  with  normal  neonatal  thymo- 
cytes (Ly  1+2+3+,  Thy  1++  TL+  H-24-) .   Since  the  phenotype  of  adult  sup- 
pressor cells  has  been  determined  as  Ly  2  3   (Ly  1  ) ,  the  neonatal  sup- 
pressor cell  population  represents  a  unique  subpopulation  distinguished 
by  phenotype. 

Publications: 

Greenberg,  R.  S.,  Mathieson,  B.  J.,  Campbell,  P.  S.  and  Zatz  ,  M. . : 
Multiple  occurrence  of  spontaneous  AKR/J  lymphomas  with  T  and  B 
cell  characterlBtics.   J.  Immunol.  118:    1181-1190,  1977. 

Mathieson,  li.  J.,  Campbell,  P.  S.,  Potter,  M.  and  Asofsky,  R.  : 
Expression  of  Ly  I,  Ly  2,  Thy  1  and  TL  differentiation  antigens 
on  mouse  T  cell  tumors.   J.  Exp.  Med.   (in  press),  1977. 

Mosier,  D.  E. ,  Mathieson,  B.  J.  and  Campbell,  P.  S.:   Ly  phenotype 
and  mechanism  of  action  of  mouse  neonatal  suppressor  T  cells. 
J.  Exp.  Med.   146:    59-73,  1977. 
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Project  Description; 

Previous  studies  on  graft  versus  host  (GVH)  reaction  had  been  done,  in 
this  laboratory,  using  conventionally  reared  Balb/c  and  C57BL/6  mice.   These 
animals  are  now  bred  in  pathogen-free  conditions  and  then  conventionally 
kept  in  our  own  facilities,  before  they  are  used  as  cell  donors. 

We  checked  the  influence  of  the  change  of  environment  on  their  GVH  re- 
activity, using  the  quantitative  spleen  weight  assay. 

Cell  donors  were  Balb/c  males  kept  in  pathogen-free  conditions  until 
6  weeks  of  age.   Cells  from  different  lymphoid  tissues  were  Injected  in 
(C57BL/6  X  Balb/c)  F,   newborn  recipients  and  litters  sacrificed  9  days 
later. 

As  shown  before,  thymus  cells  were  found  less  reactive  than  spleen  cells, 
in  turn  less  reactive  than  lymph  node  cells  from  the  same  donor.   Neverthe- 
less, the  different  lymphoid  tissues  showed  an  increased  reactivity  com- 
pared to  what  had  been  previously  observed  for  cells  of  the  same  origin. 
This  Increase  was  especially  marked  for  thymus  cells. 

A  time-course  study  was  also  done:   6  week  old  animals  were  kept  in 
non  pathogen-free  conditions  for  various  times  before  they  were  used  as 
cell  donors  for  GVH.   Thymus,  lymph  node  and  spleen  cell  reactivity  were 
followed  in  parallel.   After  6-8  days  in  conventional  environment  (7  weeks 
of  age,  a  time  of  optimal  GVH  activity  previously)   their  reactivity  was 
least  in  this  study,  although  higher  than  before,  reaching  a  peak  around  23 
days.   Activity  finally  decreased,  and  stabilized  after  50-60  days,  at  a 
level  higher  than  at  the  beginning. 

Interestingly,  similar  results  have  been  obtained  in  this  laboratory 
with  germ-free  mice:   their  spleen  cells  taken  at  various  times  after 
"conventionalization"  showed  a  similar  transient  but  marked  hyper-reactivity 
to  tissues  of  the  allogeneic  recipients.   It  was  suggested  then  that  such 
increased  reaction  would  be  the  result  of  an  adjuvant  effect  rather  than 
n    sporlflr  Immunologic  Hcnsl t I zation. 

'I'hcHi'  Htudli'H  HiJKH''f*L  palhogen-f  ree  miii'  deiiioiiHi  latr  a  Himiifir  ad- 
juvant effect,  after  they  have  been  put  In  conventional  conditions.  They 
also  show  LliiiL  geiut  Ic.  d  I  f  ftTi'nces  alone  do  not  dotermino  the  degree  of 
GVH  reaction  which  occurs. 

Publications: 

Morse,  H.  C.  Ill,  Pasanen,  V.  J.,  and  Asofsky,  R. :   Differential 
effects  of  alloimmunization  on  T  cells  mediating  graf t-versus-host 
splenomegaly  or  the  allogeneic  effect  in  F,  mice.   J.  Immunol.  118; 
574-577,  1977. 


r  I 


SMITHSONIAN  SCIENCE  INFORMATION  EXCHANGE 
PROJECT  NUMBER  (Do  NOT  use  this  space) 


U.S.  DEPARTMENT  OF 
HEALTH,  EDUCATION,  AND  WELFARE 
PUBLIC  HEALTH  SERVICE 
NOTICE  OF 
INTRAMURAL  RESEARCH  PROJECT 


PROJECT  NUMBER 

ZOl  AI  00138-03  LMI 


PERIOD  COVERED 

July  1,  1976  to  September  30,  1977 

TITLE  OF  PROJECT~(iO  characters  or  les'sj"" 

Viruses  and  the  Immune  Response 


NAMLo,    LAIiOHATOHY    AND    INIiTITUTi;    AI  F  ILI  ATI  ONS, 

pnui  l;;sional  plki;onnll  lngac.ld  on  thl  phujlct 

PI:       Herbert  C.  Morse  III 

OTHER:     R.  Asofsky 

B.  Mathieson 

T.  Chused 

J.  Hartley 

W.  Rowe 

S .  Sharrow 

J.  Goode 

B.  Taylor* 

R.  Graff** 

E.  Stockert*** 


AND    TITLES  OF    PRINCIPAL    INVESTIGATORS   AND   ALL   OTHER 


Senior  Investigator 
Laboratory  Chief 
Staff  Fellow 
Senior  Investigator 
Senior  Investigator 

Laboratory  Chief 

Biologist 

Biologist 


LMI/NIAID 

LMI/NIAID 

LMI/NIAID 

LMI/NIDR 

LVD/NIAID 

LVD /NI AID 

IB/NCI 

LMI/NIAID 


COOPERATING  UNITS  (if  any) 

*The  Jackson  Laboratory,  Bar  Harbor,  Me. 
**Washington  University,  St.  Louis,  Mo. 
***Memorial-Sloan  Kettering  Institute,  New  York,  New  York 


lab/branch 

Laboratory  of  Microbial  Immunity 


SECTION 

Experimental  Pathology  Section 

INST  I TuTFan'd    LOCAtI  ON  ^ 

NIAID,  NIH,  Bethesda,  Maryland  20014 

FR"OFESSlb()!A^'; 


TOTAL  MANYEARS: 

12/12 


SSI  DMA) 


2/12 


0/12 


CHECK  APPROPRIATE  BOX(ES) 
G  (a)   HUMAN  SUBJECTS 


D  (b)  HUMAN,  TISSUES 


S  (c)  NEITHER 


'^1  (al  )  MINORA   i  I  (a2)  INTLRVILWS  

SUMMARY  OF  WORK  (200  wordi  or  less  -  underline  koyworda) 

Lymphocytes  of  inbred  mouse  strains  have  been  tested  for  the  presence  of 
gp70,   the  major  glycoprotein  of  murine  leukemia  viruses,  on  the  cell  sur- 
face.  Some  strains  (NZB,  DBA/2, NZW)  were  shown  to  express  high  levels  of 
cell  surface  antigen  whereas  others  (C57BL/6,  NFS,  SWR)  expressed  low  levels. 
In  crosses  between  DBA/2  and  C57BL/6  mice,  a  semidominant  gene  was  found 
to  regulate  the  level  of  antigen  expression.   The  gene  is  linked  to  Fv-1 
on  rhrnmosomo  4. 

Other  studies  demonstrated  that  mouse  thymic  virus  which  is  tropic  for  T 
cells  modifies  the  functional  activity  of  T  cells  participating  in  the 
graft-versus-host  reaction  and  those  T  cells  which  modify  the  B  cell  response 
to  Type  III  pneumococcal  polysaccharide. 
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Project  Description: 

Xenotropic  murine  leukemia  virus  (MuLV-X)  was  initially  detected  in 
NZB  mice  and  is  expressed  at  high  levels  in  this  strain  and  NZW  mice 
than  in  any  other  strains  of  inbred  mice.   These  observations  in  conjunc- 
tion with  the  demonstration  of  MuLV  antigens  in  the  glomeruli  of  old 
(NZB  X  NZW)F2^  mice  prompted  several  investigators  to  propose  that  such 
viruses  might  play  a  major  role  in  the  pathogenesis  of  autoimmune  disease 
experienced  by  these  mice;  immune-complex  glomerulonephritis,  artheritis. 
Coombs'  positive  hemolytic  anemia  and  development  of  antibodies  specific 
of  thymic-derived  cells   (T  cells) . 

To  explore  this  possibility  we  have  initiated  several  lines  of  in- 
vestigation directed  at  increasing  our  understanding  the  regulation  of 
the  MuLV-X  virus  genome  and  the  interaction  of  the  virus  and  its  antigens 
with  the  immune  system: 

1.  Analysis  of  lymphocyte  cell  surfaces  for  expression  of  MuLV-X- 
coded  antigens.   Antibody  specific  for  the  major  glycoprotein  antigen, 
gp7G,  of  MuLVX  was  prepared  in  rabbits  by  immunization  with  rabbit  cells 
infected  with  MuLV-X.   These  antlsera  have  been  tested  by  Immunofluorescence 
and  complement-dependent  cytotoxicity  analyses  for  reactivity  with  thymic 
and  splenic  lymphocytes  from  50  inbred  mouse  strains.   Some  strains  -  NZB, 
DBA/2,  CE,  NZW,  SM  and  C3H/He  as  examples  -  express  large  amounts  of  anti- 
gen on  both  lymphocyte  populations  where  as  other  strains  -  e.g.,  C57BL/6, 
SWR,  BALB/c  and  MA  -  express  very  little  antigen.   In  crosses  between 
C57BL/6  and  DBA/2  mice,  using  recombinant-inbred  lines  dlreved  from  these 
progenitor  strains  (BXD  RI)  and  in  formal  backcross  studies  (B6D2)F]^  X  D2 

we  have  shown  that  a  semidominant  gene  linked  to  Gpd-1  on  chromosome  4 
influences  the  level  of  antigen  expression.  The  gene  order  on  chromosome  A 
appears  to  be  b-gp70  regulator-Fvl-Gpd-1,  the  order  of  the  last  2  genes 
being  reversed  from  that  given  on  the  Green-Womack  linkage  map  of  the  mouse. 
This  new  order  is  in  keeping  with  the  crossover  between  b-Fv-l-Gpd-1  in  the 
studies  of  Sato  and  Rowe  and  is  confirmed  by  our  work  with  the  B  X  D  RI 
lines  and  (B6D2)F2  X  D2  backcross  mice. 

It  is  noteworthy  that  all  Fv-1  RI  lines  express  the  antigen  and 
that  50%  of  the  Fv-1^  mice  are  positive.   This  allows  for  two  interpreta- 
tions:  (a)  Fv-1  is  sufficient  for  antigen  expression  but  a  second  or 
more  genes  can  render  an  Fv-1  mouse  positive.   This  would  suggest  that 
we  have  detected  an  Fv-1  effect  on  xenotropic  MuLV  in  addition  to  its 
known  effects  on  ecotropic  MuLV;  or  (b)  the  gene  order  given  above  is 
correct  and  in  antigen-positive,  Fv-1"  RI  lines,  out-cross  studies  will 
demonstrate  segregation  of  antigen  with  Fv-1  . 

2.  Genetics  of  infectious  MuLV-X  production  and  autoimmune  disease. 
(NZB  X  NZW)F-]^  X  NZW  mice  were  studied  for  infectious  MuLV-X  and  renal 
disease.   High  MuLV-X  production  was  detected  in  50%  of  the  mice  and  did 
not  correlate  with  development  of  uremia.   The  potential  role  of  cell 
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surface  antigen  expression  to  disease  development  was  not  explored  in  this 
cross.   Additional  studies  have  been  performed  with  crosses  between  NZB 
and  NFS  mice  -MuLV-X  is  not  spontaneously  produced  by  this  strain.   The 
mice  do  not  express  lymphocyte  cell  surface  antigen.   In  serial  back- 
crosses  to  NFS  we  have  shown  that  NZB  express  two  forms  of  MuLV-X  and  that 
both  nppp/ir  to  segregate  In  Mendel ian  fashion  as  single  autosomal  domin- 
ant genes.   PreLlmlhary  studies  suggest  that  renal  disease  is  developing 
In  mice  of  backcross  generation  2. 

Our  plan  for  the  next  several  years  is  to  continue  studies  of  the 
genetic  regulation  of  MuLV-X  genome  expression,  either  as  intact  virus 
or  cell  surface  antigen  without  virus,  and  isolate  the  individual  genes 
on  the  NFS  background.' 

Specifically  we  will:   (1)  evaluate  the  question  of  Fv-1  effect  vs. 
true  linkage  to  Fv-1  of  the  gene  regulating  xenotroplc  MuLV  antigen 
expression.  This  will  be  done  by  outcrossing  antigen-positive,  Fv-l''  B 
X  D  RI  lines  to  SM/J;   (2)  in  the  strain  survey,  we  noted  that  B10.D2 
(58N)  mice  were  antigenpositive.   We  will  determine  if  a  gene  regulating 
antigen  expression  is  linked  to  H-1  by  (a)  testing  other  H-1  congenic 
mice  from  Dr.  Ralph  Graff,  and  (b)  evaulating  RI  lines  developed  from 
crosses  between  B10.D2  (58N)  and  C57L/J,  an  antigen-negative  strain. 
These  mice  will  be  provided  by  Dr.  Ben  Taylor,  Jackson  Laboratories;   (3) 
continue  the  production  of  NFS  mice  congenic  for  NZB  genes  regulating 
xenotroplc  MuLV  expression;   (4)  among  the  inbred  strains,  a  high  con- 
cordence  for  xenotroplc  MuLV  antigen  express  and  the  Gjy  alloantigen  was 
noted  (p<0.001).   The  relationship  between  these  two  markers  for  gp70 
molecules  of  MuLV's  will  be  explored  in  crosses  between  a  Gjy,  xenotroplc 
MuLV  antigen  expressing  strain  DBA/2,  and  mice  expressing  neither  antigen, 
C57BL/6  and  C57L.   We  will  determine  if  these  genes  segregate  independently 
in  the  DBA/2  X  C57BL/6  studies  and  evaluate  the  possibility  of  quasl-llnk- 
age  secondary  to  an  Fv-1  effect  in  the  DBA/2  X  C57L  crosses. 

Publications: 

Cross,  S.  S.,  Morse,  H.  C.  Ill,  and  Asofsky,  R. :   Neonatal  infection 
with  mouse  thymic  virus:   Differential  effects  on  T  cells  mediating 
the  graf t-versus-host  reaction.   J.  Immunol.  117:    635-638,  1976. 

Morse,  H.  C.  Ill,  Cross,  S.  S.  and  Baker,  P.  J.:   Neonatal  infection 
with  mouse  thymic  virus:   Effects  on  cells  regulating  the  antibody 
response  to  Type  III  pneumococcal  polysaccharide.   J.  Immunol.  116: 
1613-1617,  1976. 
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Mill-  limiiiinl/oi!  with  t  i  v  i'iii<);oiii.il  antigens  denu>nst  r.itod  di-l.iyod  hypersensitivity 
and/or  protection.   In  some  Instances  both  phenomenon  were  induced.  The  route 
of  Immunization  and/or  type  of  antigen  exerted  the  greatest  influence  of 
whether  delayed  hypersensitivity  or  protection  were  Induced. 
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Project  Description: 

The  purpose  of  this  study  was  to  assay  hosts  immune  responses  in  animals 
immunized  or  infected  with  African  trypanosomes  -  the  causative  agents  of 
African  Sleeping  Sickness,   These  blood  parasites  are  lethal  in  mice  and  rats 
used  in  the  laboratory.   Mice  immunized  with  different  trypanosomal  antigens 
were  subsequently  challenged  and  assayed  for  delayed  hypersensitivity  (DH) . 
DH  was  assessed  by  injecting  a  soluble  antigen  into  the  hindfoot  pad,  and 
measuring  the  degree  of  swelling  24  hours  later.  These  results  revealed  that 
DH  was  demonstrable  before  a  protective  response  was  initiated.   The  efficacy 
of  the  antigens  in  iducing  DH  or  protection  varied  according  to  the  method 
of  preparation  or  immunization.   The  possibility  arose  that  trjrpanosomal  cell 
membrane  antigens  changed  between  the  time  of  immunization  and  challenge. 
Therefore,  new  strains  of  T.  brucei  and  T.  rhodesiense,  cloned,  were  obtained 
and  put  into  NIH  mice.   Initial  results  indicated  that  these  trypanosomes 
were  less  virulent  than  the  other  trypanosomes  maintained  in  the  laboratory 
i.e.  killed  in  45  days  Instead  of  5.   Further,  the  new  strains  were  dimorphic 
whereas  the  laboratory  strains  were  monomorphic.   This  necessitated  an  in- 
vestigation of  the  parasitemias  in  C57BL/6,  CBA,  NIH  white  and  nude  mice,  in 
order  to  have  a  comparison  with  data  obtained  previously  obtained  with  the 
other  laboratory  strains.   Preliminary  results  indicates  that  nude  mice  sur- 
vive almost  as  long  as  Intact  mice,  and  the  parasitemias  remain  at  high 
levels,  in  contrast  to  intact  mice  which  showed  a  period  of  subpatency  8 
days  after  infection.   Further  studies  will  assess  the  role  of  B  and  T 
cells  in  protection  against  African  trypanosomiasis  and  the  role  of  cell 
membrane  antigens  in  the  induction  of  resistance. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Mice  immunized  with  plasmodial  antigens  demonstrated  delayed-hirper sensitivity 
to  malarial  antigens,  a  T  cell  function  retreatment  with  Cyclophosphamide 
revealed  increased  DH  activity  and  protection  against  lethal  strains  of 
Plasmodium  berghei.  Studies  with  nude  mice  suggest  that  T  cells  function 
in  a  helper  cell  capacity  i.e.  synthesis  of  protective  antibody. 
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It  is  the  purpose  of  these  studies  to  determine  the  nature  of  the  host 
immune  responses  to  the  rodent  malarial  parasites  Plasmodium  berghei; 
P.  vinchei  and  P.  yoelii.   Our  studies  established  baseline  data  regarding 
serum  antibody  and  immunoglobulin  synthesis  in  mice  infected  with  Plasmodia. 
The  current  studies  focused  on  cell-mediated  immune  responses  (CMI) ,  after 
immunization  with  antigens  prepared  from  the  isolated  blood  stages  of 
malarial  paraHites,  or  during  Infection.   CMT  responses  were  studies  in 
vivo  using  footpad  responses  as  an  indicator  either  of  an  Arthus  reaction 
or  delayed  responses.   A  delayed  footpad  response  is  indicative  of  delayed- 
hypersensltivity  (DH)  in  the  mouse,  and  has  been  ascribed  to  T  cell  function. 
Pretr eating  mice  with  Cyclophosphamide  (Cy)  at  200  mg/Kg,  then  infecting 
the  mice  with  lethal  P.  berghei  enabled  the  mice  to  overcome  the  infection. 
Analysis  of  T  cell  function  in  Cy  treated  mice  ±n   vivo  revealed  an  increased 
DH  response  48  hours  after  infection.   Non-Cy  mice  did  not  show  DH  responses, 
and  succumbed  to  infection.   These  results  indicated  that  an  enhanced  T  cell 
activity  is  needed  to  overcome  lethal  malarial  infections,  but  the  role  of 
T  cells  was  questioned.   Preliminary  inquiries  suggested  that  T  cells  may 
function  as  helper  cells  in  the  host  immune  response  to  malaria.  Therefore, 
congenitally  athymic  (nude),  thymus  grafted  nude  and  intact  mice  were 
infected  with  P.  yoelii.  a  parasite  that  is  lethal  in  T  cell  deficient  nude 
mice,  but  is  non-lethal  in  intact  animals.   Infected  mice  were  subsequently 
treated  with  Clindamycin.   Nude  mice  revealed  a  drop  in  parasitemia  during 
treatment,  followed  by  recrudesence.   Thymus  grafted  and  intact  mice 
cleared  their  pnraaltemias  completely.   Since  mice  possessing  a  thymus 
cleared  their  parasitemias,  plua  they  demonstrated  an  Arthus  reaction  when 
footpad  tested,  this  suggested  that  T  i-ells  funttloned  in  a  helper  capacity 
in  the  production  of  protective  antibody(s).   Thus,  when  infected  mice  - 
nudes  or  intact  -  were  treated  with  serum  prepared  from  mice  resistant  to 
P.  yoelii,  all  mice  cleared  their  parasitemia.   Mice  made  B  cell  deficient 
with  anti  u-serum,  failed  to  recover  from  infection.   These  data  indicate 
that  an  enhanced  T  cell  infection  protects  mice  from  lethal  malaria,  and 
the  mechanism  seems  to  be  a  T-dependent  synthesis  of  protective  antibody. 
Future  studies  will  investigate  the  subpopulatlons  of  lymphocytes  that 
function  in  host  protection  against  malaria  and  the  malarial  antigens  that 
initiate  protective  antibody. 
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Project  Description: 

The  purpose  of  these  investigations  has  been  to  delineate  the  cellular 
basis  of  inunune  reactions  to  malaria  infections  and  antigens  prepared 
from  malaria  parasites  and  to  gain  insight  into  the  mechanisms  underlying 
the  immunologic  disturbances  accompanying  malaria  infections.   We  have  been 
particularly  interested  in  the  suppression  of  antibody  responses  observed  in 
malaria  infections  and  the  seeming  paradox  of  simultaneously  occuring  poly- 
clonal immunoglobulin  production. 

Current  results; 

1.   The  lethal  and  nonlethal  strains  of  17X  P.  b.  yoelii  arose 
from  a  common  ancestor.   The  differences  in  virulence  between  them  could 
be  due  to  the  Intrinsic  biology  of  the  parasites,  or  perhaps,  in  part, 
to  differing  immunogenic ity  of  the  two  strains.   In  a  study  comparing 
the  extent  of  T  cell  proliferation  in  the  spleens  of  mice  infected  with 
P.  berghei   (a  lethal  strain)  versus  those  infected  with  P.  yoelii   (a 
nonlethal  strain),  Jayawardena  et.  al.  observed  an  increased  percentage 
of  dividing  spleen  cells  that  had  T  cell  markers  in  the  mild  strain, 
P.  yoelii.   They  suggested  that  this  difference  was  reflective  of 
differences  in  T  cell  activation  which  was  Important  in  determining  the 
pathogenesis  of  the  dlHease. 

In  previous  studies  we  examined  the  kinetics  of  various  immunological 
functions  during  the  course  of  17XNL  P.  b.  yoelii  infections  of  BALB/c 
mice.   We  have  studied  many  of  the  same  functions  during  the  course  of 
infection  with  17XL  P.  b.  yoelii  including  parasitemia,  IHA  and  in  vitro 
proliferative  responses  of  spleen  and  lymph  node  cells  to  P.  b.  yoelii 
antigens  and  mitogens  (PHA  and  LPS).   The  major  findings  were: 

a.  The  parnHltemla  rose  steadily  reaching  maximal  levels  of 
approximately  75%,  7  days  after  infection.   The  disease  was  almost 
invariably  fatal,  50%  mortality  occuring  7  days  after  infection  and 
approaching  100%  by  9  days. 

b.  The  background  proliferation  of  spleen  cells  increased 
steadily  throughout  infection. 

c.  The  _ln  vitro  proliferative  response  of  spleen  cells  to 
P.  h.  yot'1 1 1  nnLlKen  was  very  much  reduced  rnmpnred  to  that  seen  with 
i7XNL  P.  b.  yoelii  early  alter  Infection.   However,  the  respousivi'iioss  ol 
lymph  node  cells  to  antigen  was  very  similar  in  the  two  strains.   This 
suggests  that  the  enrly  events  of  sensitization  within  the  spleen  may  be 
Important  in  the  generation  ol  immunity. 

d.  The  responses  to  mitogens  by  spleen  cells  showed  a  similar 
pattern  of  suppression  in  mice  infected  17XL  as  seen  with  17XNL  P.  b. 
yoelii.   Terminally,  the  PHA  responsiveness  of  lymph  node  cells  was 
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depressed  in  mice  infected  with  17XL  P.  b.  yoelii. 

e.   The  levels  of  serum  IHA  were  reduced  in  mice  infected  with 
17XL  compared  to  those  infected  with  17XNL  P.  b.  yoelii.   However,  this 
may  reflect  a  greater  antigen  burden  in  the  mice  infected  with  the  lethal 
variant,  with  in  vivo  absorption  of  antibody  by  parasites. 

Thus  the  major  immunologic  differences  between  the  lethal  and  nonlethal 
variants  of  17X  P.  b.  yoelii  that  we  have  observed  are  differences  in  the 
in  vitro  responsiveness  of  spleen  cells  to  P.  b.  yoelii  antigen  early 
after  infection  and  in  serum  IHA  levels.   The  rapid  spleen  cell  sensitization 
that  occurs  after  infection  with  17XNL  P.  b.  yoelii  appears  to  be  reduced 
or  absent  in  mice  infected  with  the  lethal  variant.   A  more  precise  defini- 
tion of  differences  at  the  level  of  B  cell  sensitization  awaits  the  develop- 
ment of  an  appropriate  assay  for  measuring  B  cell  immunity  at  a  cellular 
level  (rosette  forming  cell  or  pfc  responses  to  malarial  antigen(s)). 

2.   Immunosuppression  of  humoral  responses  during  malaria  infections 
of  rodents  has  been  demonstrated  by  many  investigators.   In  vivo,  decreased 
responsiveness  to  sheep  and  horse  erythrocytes  (hrbc)  has  been  observed  in 
mice  infected  with  17X  P.  b.  yoelii.   Warren  and  Weidanz  have  recently 
reported  that  the  in  vitro  primary  pfc  responses  of  spleen  cells  from  mice 
infected  P.  b.  yoefii  to  hrbc  were  reduced.   This  defect  could  be  corrected 
by  the  removal  of  adherent  cells  and  the  addition  of  fresh  adherent  cells 
from  control  mice.   They  postulated  that  the  imparled  responsiveness  to 
hrbc  in  vitro  was  the  result  of  impaired  macrophage  phagocytosis.   This 
was  based  on  their  observations  of  deficient  phagocytosis  of  hrbc  by 
splenic  adherent  cells,  and  the  lack  of  active  suppression  when  adherent 
cells  from  infected  spleens  were  added  to  cultures  of  normal  spleens. 

We  have  studied  the  J^  vitro  primary  responses  of  spleen  cells  from 
mice  infected  with  17XNL  P.  b.  yoelii  to  SE,  a  particulate  T  cell  and  ad- 
herent cell  dependent  antigen  and  Trinitrophyl53-aminoethycarbamylmethyl33 
Ficoll  (TNP-F) ,  a  soluble  antigen  independent  of  T  cell  help  but  dependent 
on  adherent  cells.   Since  we  have  previously  observed  substantial  immuno- 
suppression of  in  vivo  splenic  pfc  responses  to  SE  and  TNP-F  when  mice  were 
immunized  8-11  ^ys  after  infection,  we  chose  to  examine  the  in  vitro 
responses  at  8-11  days  after  infection.   The  j^  vitro  responses  of  spleen 
cells  from  immunity  was  dependent  upon  the  presence  of  immunocompetent  B 
cells.   In  contrast,  Jacobson  et  al.  showed  that  expulsion  of  Nippostrongylus 
braslliensla  was  normal  in  p-suppressed  mice.   Similarly,  W.  Burns  and  H. 
Morse  (personal  communication)  found  that  immunity  to  Herpes  simplex 
hominis  was  intact  in  p-suppressed  mice.   Thus  p-suppressed  mice  have  had  a 
spectrum  of  suseptibilities  to  various  infection,  exemplifying  their  use- 
fulness for  examining  the  requirement  for  B  cell  immunity. 
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In  previous  studies  conducted  in  this  laboratory,  recombinant-inbred 
strains  of  mice,  as  well  as  the  progenitor  strains  from  which  they  were 
derived,  were  evaluated  with  respect  to  the  capacity  of  bone  marrow-derived 
precursors  of  antibody-forming  cells  (B  cells)  to  respond  to  an  optimal 
dose  of  Type  III  pneumococcal  polysaccharide  (SSS-III)  ,  in  addition  to  the 
amount  of  suppressor  and  amplifier  T  cell  activity  present.  The  results 
obtained  showed  that  none  of  these  functional  activities  was  linked  to  genes 
within  the  major  histocompatibility  (H-2)  or  IgCjj  allotype  complex.   Several 
autosomal  genes,  acting  in  an  independent  manner,  governed  the  expression 
of  each  of  these  characteristics  which  determine  the  magnitude  of  the  anti- 
body response  normally  produced  after  immunization. 

The  main  objective  of  the  present  work  was  to  determine  whether  the 
genetic  relationships  noted  in  the  studies  described  above  are  restricted 
to  the  antibody  response  to  SSS-III,  or  whether  they  apply  also  to  other 
antigens  which  -  like  SSS-III  -  do  not  require  the  participation  of  helper 
T  cells  in  order  to  elicit  a  normal  antibody  response.  To  this  end,  the 
same  recombinant-inbred  strains  of  mice  were  examined  for  their  ability  to 
respond  to  an  optimally  immunogenic  dose  of  dextran  B-1355,  polyvinyl- 
pyrrolidone (PVP)  or  lipopolysaccharide  (LPS)  derived  from  Escherichia  coli 
0113.   The  results  as  well  as  the  strain  distribution  patterns  obtained, 
indicate  that  the  magnitude  of  the  antibody  response  to  each  of  these  anti- 
gens is  influenced,  in  whole  or  in  part,  by  autosomal  genes  that  are  not 
linked  to  the  H-2  complex,  the  IgCjj  allotype  complex,  or  to  each  other. 
The  antibody  response  to  E.  coll  0113  LPS  seemed  to  be  under  unigenic  control; 
however,  at  least  2-4  autosomal  genes  governed  the  capacity  to  respond  to 
PVP  and  dextran. 

Backcrosses  between  low  to  intermediate  responding  recombinant-inbred 
strains  and  low  responding  progenitor  strains  provided  additional  evidence 
for  complementarity  between  genes  governing  the  expression  of  B  cell  and 
regulatory  T  cell  activity  in  mice  Immunized  with  SSS-III;  the  role  of 
regulatory  T  cells  in  the  antibody  response  to  PVP  and  dextran  is  now 
being  assessed.   At  present,  it  is  not  known  whether  the  genes  which  influence 
the  capacity  of  B  cells  to  respond  to  SSS-III  code  for  the  basic  structural 
unit,  i.e.,  the  idiotypic  determinant,  of  antibody  and/or  immunoglobulin 
receptors  present  on  clones  of  responding  B  cells;  obviously,  significant 
differences  in  this  regard  might  be  expected  to  influence  the  degree  and 
extent  to  which  B  cells  are  activated  following  immunization  with  SSS-III. 
The  results  of  plaque-inhibition  tests  conducted  with  recombinant-inbred 
mice  that  differ  in  responsiveness  to  SSS-III  -  or  to  dextran  PVP  -  would 
provide  useful  information  in  this  regard. 
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The  induction  of  low-dose  paralysis  in  non-responding  mice  by  prior  treatment 
with  a  sub- immunogenic  dose  of  SSS-III  was  found  to  produce  significant 
suppression  of  the  antibody  response  of  transferred  spleen  cells  from  histo- 
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the  activity  of  suppressor  T  cells,  rather  than  the  inhibitory  effects  of 
antigen-antibody  complexes  or  antibody-mediated  feedback  Inhibition.   Treat- 
ment with  antllymphocyte  serum,  at  the  time  of  immunization  with  ALS,  appeared 
to  inactivate  suppressor  -  but  not  amplifier  -  T  cells.   The  basis  for  this 
"apparent"  differential  sensitivity  was  found  to  be  due  mainly  to  the  times 
after  immunization  at  which  these  regulatory  T  cells  are  activated;  precursors 
of  both  suppressor  and  amplifier  T  cells  were  not  inactivated  by  treatment 
with  this  T  cell  depleting  agent. 
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Project  Description; 

The  generation  of  an  antibody  response  to  SSS-III  does  not  require 
the  presence  of  thymus-derived  (T)  helper  cells.   However,  there  is  con- 
siderable evidence  to  indicate  that  the  magnitude  of  the  antibody  response 
to  this  antigen  is  influenced  by  two  subpopulations  of  regulatory  T  cells, 
termed  amplifier  and  suppressor  T  cells.   Although  the  "signal"  that 
activates  these  regulatory  T  cells  has  not  been  determined,  the  activation 
of  regulatory  T  cells  by  antigen,  serum  antibody,  antigen-antibody  complexes, 
cell-associated  antibody,  or  some  as  yet  uncharacterized  product  synthesized 
during  the  course  of  an  immune  response  have  been  considered  as  possibilities. 
The  discovery  (in  this  Laboratory)  of  CBA/N  mice,  a  genetically  distinct 
subline  which  produces  no  detectable  serum  antibody  response  to  SSS-III 
provides  an  opportunity  to  examine  whether  suppressor  T  cell  activity  can 
develop  in  the  absence  of  secreted  circulating  antibody.   Because  the  ability 
to  give  an  antibody  response  to  SSS-III  is  determined  in  a  decisive  manner 
by  an  X-llnked  gene  that  is  absent  in  CBA/N  mice,  it  is  possible  to  cross 
non-responding  female  CBA/N  mice  with  responding  males  of  another  strain 
(e.g.,  BALB/c  mice)  to  produce  F-  male  progeny  that  carry  the  X-linked 
genetic  defect  of  CBA/N  mice  and  are  therefore  unable  to  respond  to  SSS-III. 
By  contrast,  the  reciprocal  cross  between  responding  (BALB/c)  females  and 
non-responding  (CBA/N)  males  yields  responding  F^  males  which  lack  the 
X-linked  defect  of  CBA/N  mice  but  otherwise  are  Identical  in  genotype  to 
non-responding  F^  males;  thus,  spleen  cells  from  responding  mice  are  able 
to  produce  a  normal  antibody  response  to  SSS-III  in  non-responding  F^  male 
recipients  after  transfer.   In  the  present  work,  non-responding  F.  males 
were  given  a  single  injection  of  a  sub-lmBunogenlc  dose  of  SSS-III,  a  pro- 
cedure known  to  activate  suppressor  T  cells  in  responding  strains  of  Inbred 
mice  (low  dose  paralysis);  then,  the  effect  of  such  treatment  on  the  magni- 
tude of  the  antibody  response  produced  by  transferred  spleen  cells  from 
responding  mice  was  assessed  after  Immunization  with  an  optimally  Immuno- 
genic dose  of  SSS-III.   The  results  obtained  showed  that  suppressor  T  cells 
could  indeed  be  activated  in  non-responding  mice  in  the  absence  of  the 
formation  of  detectable  circulating  antibody.  These  findings  indicate  that 
the  activation  of  suppreaaor  T  cells  cannot  be  attributed  to  circulating 
antigen-antibody  complexes  or  antibody-mediated  feedback  inhibition; 
furthermore,  since  responding  spleen  cells  were  not  transferred  into 
recipients  until  almost  all  of  the  priming  dose  of  SSS-III  was  cleared  or 
eliminated,  phenomena  such  as  clonal  abortion,  or  terminal  differentiation 
of  B  cells  remain  unlikely  explanations  for  the  antigen-specific  unrespon- 
siveness induced.   Rather,  the  fact  that  low  dose  paralysis  is  T  cell 
dependent  most  likely  indicates  that  it  is  mediated  by  suppressor  T  cells. 
Studies  are  underway  to  define  the  signal  by  which  suppressor  T  cells  are 
activated. 

Other  studies  have  shown  that  amplifier  T  cells  responsible  for  en- 
hancement of  the  antibody  response  to  SSS-III  are  resistant  to  inactlvatlon 
by  antl-iymphocyLu  uerum  (ALS)  given  at  the  time  of  Immunization:  such 
trt'dtment  effertlvely  eliminates  suppressor  T  cell  activity.   The  basis  for 
tills  "apparent"  differential  sensitivity  to  ALS  is  now  known  to  be  due 
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mainly  to  differences  in  the  times  at  which  these  regulatory  T  cells  are 
activated  during  the  course  of  an  immune  response  to  SSS-III.   The  results 
of  detailed  kinetic  studies  show  that  suppressor  T  cells  are  activated 
shortly  after  immunization  with  SSS-III,  whereas  amplifier  T  cells  are 
activated  later.   Thus,  if  ALS  is  given  at  the  time  of  immunization, 
sufficient  amounts  ar'^  present  to  inactivate  suppressor  -  but  not  amplifier  - 
T  cell  activity  almost  as  soon  as  it  emerges.   Precursor  of  both  amplifier 
and  suppressor  T  cells  do  not  appear  to  be  Inactivated  by  treatment  with 
ALS;  but,  a  second  injection  of  ALS  given,  one  or  two  days  after  inmiunization, 
does  indeed  abrogate  amplifier  T  cell  activity.   These  findings  emphasize 
the  importance  of  kinetic  considerations  in  understanding  the  effects  produced 
by  T  cell  depleting  agents  such  as  ALS,  which  -  in  this  experimental  situa- 
tion -  appears  to  act  mainly  on  activated  T  cells.  The  differential  effects 
produced  by  other  T  cell  depleting  agents  will  be  examined  in  this  context 
as  probes  for  obtaining  additional  information  on  the  mechanisms  by  which 
regulatory  T  cells  produce  their  effects. 


Publications: 

Markham,  R.  B.,  Stashak,  P.  W. ,  Prescott,  B. ,  Amsbaugh,  D.  F.,  and  Baker, 
P.  J. :   Sensitivity  of  amplifier  T  cells  involved  in  the  antibody  response 
to  Type  III  pneumococcal  polysaccharide  to  anti-lymphocyte  serum.   J.  Immunol, 
in  press. 

Markham,  R.  B. ,  Stashak,  P.  W. ,  Prescott,  B.,  Amsbaugh,  D.  F. ,  and  Baker, 
P.  J. :  Generation  of  low  dose  paralysis  in  the  absence  of  the  ability  to 
secrete  antibody.   J .  Exp .  Med . ,  in  press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Treatment  with  Concanavalin  A  (Con  A) ,  a  T  cell  mitogen,  was  found  to  induce 
suppression  of  the  antibody  response  to  Type  III  pneumococcal  polysaccharide 
(SSS-III)  which  was  identical  in  both  degree  and  kinetics  to  that  seen  after 
the  induction  of  low-dose  paralysis;  this  means  that  both  forms  of  unrespon- 
siveness -  which  are  T  cell  dependent  -  share  a  common  pathway  for  their 
expression  and  are  mediated  by  suppressor  T  cells.   Treatment  with  Con  A  also 
actlvfltefl  n">i'.l.l_0.*':.1  T.  .5'?.^.'' »  ^^^   only  when  the  lecilii  whs  givon  2  days  after 
lminuiiiz.it  loii  wiLli  SSS-lll;  such  enhancement  was  slmiLn  in  l<.iuetJcs  to  tiiat 
seen  after  treatment  with  an tl lymphocyte  serum.   Data  was  obtained  to  Indicate 
that  amplifier  T  cells  act  by  driving  B  cells  to  proliferate  further  following 
antigenic  stimulation  and  that  suppressor  T  cells  act  on  both  amplifier 
T  cells  and  B  cells  to  limit  the  magnitude  of  the  antibody  response  produced 
following  immunization. 
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Project  Description: 


There  are  several  reports  attesting  to  the  fact  that  the  plant  lectin 
Concanavalin  A  (Con  A) ,  a  T  cell  mitogen,  can  suppress  a  variety  of  immune 
responses  in  vitro;  such  suppressive  effects  have  been  attributed  to  soluble 
products  released  from  mitogen-activated  suppressor  T  cells.   Consequently, 
we  decided  to  examine  whether  the  in  vivo  administration  of  Con  A  would 
result  in  suppression  of  the  antibody  response  to  Type  III  pneumococcal 
polysaccharide  (SSS-III)  and  whether  the  kinetics  for  the  development  of 
such  suppression  would  resemble  those  seen  after  the  induction  of  low-dose 
paralysis;  this  was  Indeed  found  to  be  the  case.   Con  A  given  at  the  time 
of  immunization  with  an  optimally  immunogenic  dose  of  SSS-III  induced 
suppression  of  the  in  vivo  plaque-forming  cell  (PFC)  response  which  was 
at  least  as  great  (>80%)  as  that  found  after  the  induction  of  low-dose 
paralysis.   As  with  low-dose  paralysis,  Con  A- induced  suppression  could  not 
be  demonstrated  in  athymic  (nude)  mice  and  could  be  eliminated  by  treatment 
with  the  T  cell  depleting  agent,  antiljnnphocyte  serum  (ALS).   The  kinetics 
for  Con  A  -  induced  suppression  were  found  to  parallel  those  for  the  ex- 
pression of  low-dose  paralysis,  indicating  that  both  forms  of  suppression 
(except  for  specificity)  share  a  common  pathway  through  which  suppression 
is  mediated,  i.e.,  limiting  the  extent  to  which  precursor  cells  undergo 
further  proliferation  and/or  differentiation  into  PFC.   The  similarities 
between  Con  A-induced  suppression  and  low-dose  paralysis  also  tend  to 
exclude  the  possibility  that  the  latter  is  the  result  of  antibody-mediated 
Inhibition. 

Although  amplifier  T  cells  appear  to  be  needed  in  order  to  obtain 
ALS-induced  enhancement,  their  role  in  the  development  of  a  normal  antibody 
response  to  SSS-III  has  been  investigated  only  recently  in  a  systematic 
manner.   The  results  of  such  studies  show  that  when  Con  A  is  given  2  days 
after  immunization  with  SSS-III,  there  is  a  9-fold  increase  in  the  magnitude 
of  the  PFC  response;  such  enhancement,  which  is  similar  in  kinetics  to 
that  seen  after  treatment  with  ALS,  requires  the  presence  of  amplifier  T 
cells  which  act  by  driving  PFC  -  or  their  precursors  -  to  extra  rounds  of 
proliferation.   This  extra  proliferation  is  not  demonstrable  in  athymic 
(nude)  mice  and  is  not  seen  during  a  normal  antibody  response  to  SSS-III; 
but,  treatment  with  ALS  to  remove  suppressor  T  cells,  permits  such  additional 
proliferation  to  occur.   This  means  that  suppressor  T  cells  act  on  both 
amplifier  T  cells  and  B  cells  to  limit  the  magnitude  of  the  antibody  response; 
the  lack  of  ALS-induced  enhancement  following  the  induction  of  low-dose 
paralysis  provides  further  support  for  such  a  view.   The  relatively  late 
development  of  amplifier  T  cell  activity,  compared  to  suppressor  T  cell 
activity,  accounts  for  (a)  the  lack  of  expression  of  amplifier  T  cell 
activity  during  the  course  of  a  normal  antibody  response,  and  (b)  the  pro- 
longed delay  or  unusually  long  "shelf  time"  noted  between  85-100  hours 
in  studies  on  the  "stepwise  appearance"  of  PFC  in  mice  treated  with  ALS. 
Thus,  it  is  clear  that  one  can  explain  the  regulatory  effects  observed 
during  the  development  of  an  immune  response  to  SSS-III  and  other  antigens 
only  by  considering  both  T  cell-B  cell,  and  T  cell-T  cell  interactions, 
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together  with  the  temporal  relationships  involved  in  the  expression  of 
these  interactions.   Such  relationships  are  now  being  assessed  in  relation 
to  antibody  response  to  other  well-defined  antigens  of  biomedical  Importance. 


Publications; 

Markham,  R.  B. ,  Stashak,  P.  W. ,  Prescott,  B. ,  Amsbaugh,  D.  F. ,  and  Baker, 
P.  J.:   Effect  of  Concanavalln  A  on  lymphocyte  interactions  involved  in 
the  antibody  response  to  Type  III  pneumococcal  polysaccharide.   I.  Comparison 
of  the  suppression  Induced  by  Con  A  and  low-doae  paralysis.   J.  Immunol. 
118:   952-956,  1977. 

Markham,  R.  B. ,  Reed,  N.  D. ,  Stashak,  P.  W. ,  Prescott,  B. ,  Amsbaugh,  D.  F., 
and  Baker,  P.  J.:  Effect  of  Concanavalln  A  on  lymphocyte  interactions 
involved  in  the  antibody  response  to  Type  III  pneumococcal  polysaccharide. 
II.  Ability  of  suppressor  T  cells  to  act  on  both  B  cells  and  amplifier  T 
cells  to  limit  the  magnitude  of  the  antibody  response.  J.  Immunol.,  in 
press. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Studies  were  continued  on  the  isolation,  purification  and  characterization  by 
chemical,  biochemical  and  immunological  procedures  of  biologically  active 
polysaccharides  from  a  number  of  pneumococcal  types,  Leuconostoc  mesenteroides. 
Streptococcus,  Plasmodium  berghei,  Plasmodium  vinckei  and  certain  plant  materials, 
Further  studies  on  the  molecular  structure  of  the  serologically  active  poly- 
saccharide from  Carthemus  tinctorius  were  also  carried  out.   In  addition, 
polysaccharides  from  flowers  of  20  ornamental  plants  were  isolated  and  tested 
for  cross-reactivity  with  Type  III  pneumococcal  rabbit  and  horse  antisera.   Of 
the  20  polysaccharides  two  -  Geranium  maculatum  and  Petunia  hybrida  vilm  reactec^ 
with  high  titers  to  rabbit  and  horse  antisera  to  pneumococcus  Type  III  in  pre- 
cipitin tests  and  lines  of  precipitation  in  the  Ouchterlony  tests  were  confluent; 
with  those  of  the  pneumococcal  Type  III  polysaccharide.   In  vivo  experiments 
with  the  two  most  serologically  active  polysaccharides  showed  these  materials 
to  be  highly  immunogenic.  Structural  analysis  of  these  materials  have  indicated 
that  repeating  units  of  specifically  linked  monosaccharides  are  extremely 
complex.  ^  7  ^ 
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Project  Description: 

Lipids; 

A  study  of  the  lipids  from  Staphylococcus  aureus  organisms  has  shown 
that  the  organisms  possess  one  or  more  antigenic  lipid  haptens.   Initial 
experiments  on  the  purification  of  the  crude  chloroform-methanol  (CM  2:1  v/v) 
extracts  of  the  organisms  gave  a  fraction  (CM  7:3  soluble)  rich  in  carbo- 
hydrate-containing lipids.   This  fraction  contains  glycoliplds  that  exhibit 
high  levels  of  activity  in  the  complement  fixation  test.   Further  purification 
of  this  fraction  is  carried  out  by  applying  the  solution  to  a  Silicic  acid 
column  and  eluting  sucesslvely  with  chloroform  (250  ml) ,  acetone  (250  ml) 
and  finally  with  200  ml  (CM  1:1).   Each  eluted  fraction  was  evaporated  under 
nitrogen  and  carbohydrate  determinations  performed  to  determine  which  fraction 
possessed  the  glycoliplds.   The  glycoliplds  were  concentrated  in  the  acetone 
fraction.   In  order  to  isolate  a  homogeneous  glycolipid  fraction  for  analysis 
and  identification,  the  acetone  soluble  material  was  rechromatographed  on 
silicic  acid.   Elutlon  was  performed  with  various  concentrations  of  CM  stepwise 
beginning  with  CM  19:1,  12:1,  7:1,  5:1  and  1:1.   Ten  fractions  were  collected 
from  A-J.   The  most  active  glycoliplds  were  concentrated  in  fractions  D,  E, 
and  F.   These  active  fractions  were  pooled  and  concentrated.   Further  work  is 
in  progress  on  the  homogeneity  and  molecular  structure.   Complete  chemical 
and  physical  identification  of  the  active  material  will  be  useful  in  clarifying 
the  structure  of  the  hapten  and  permit  studies  on  the  suppression  or  augmenta- 
tion on  the  immunological  system  in  animals  by  the  purified  glycolipid  hapten. 
Glucose  was  the  only  carbohydrate  component  detected  in  the  glycoliplds  on 
acid  hydrolysis. 

The  purified  glycolipid  will  be  reaggregated  with  a  protein  for  the 
production  of  a  hybrid  reaggregate  in  order  to  study  its  effect  on  the 
immunogenlclty  of  Type  III  pneumococcal  polysaccharide  and  on  the  staphlo- 
coccus  lipotelcholc  acid. 

Lipid  extracts  from  a  number  of  flowers  from  ornamental  plants  are 
also  being  purified  and  will  be  tested  for  their  cross-reactivity  with 
Mycoplasma  pneumoniae  glycoliplds  and  their  effect  on  the  immune  response 
of  Type  III  pneumococcal  polysaccharide  In  mice. 

Polysaccharides ; 

The  comparative  Immunochemical  study  of  polysacchairdes  from  various 
bacterial  and  plant  materials  has  been  of  interest  of  this  laboratory  for 
several  years.   Recent  structural  studies  on  carbohydrate  chemistry  have 
provided  us  with  an  Insight  into  the  carbohydrate  composition  and  structural 
similarities  between  certain  plant  polysaccharides  and  various  pneumococcal 
polysaccharides  studied.   This  required  the  development  of  new  approaches 
and  previously  unused  methods.   Continued  studies  were  carried  out  with 
Dr.  C.  A.  Thomas,  Plant  Pathologist  of  the  U.  S.  Department  of  Agriculture 
Experimental  Station  in  Beltsville,  Md.  on  the  polysaccharide  from  Carthamus 
tinctorius  (CT)  which  cross-reacts  with  Types  III  pneumococcal  horse  and 
rabbit  antlsera  in  precipitin  reactions.   The  procedure  for  the  extraction 
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of  the  CT  polysaccharide  was  described  in  last  years  report.  The  final  white 
fluffy  product  was  0.1%  of  the  weight  of  the  original  plant  material.  Horse 
and  rabbit  antisera  to  pneumococcal  Types  I,  II,  III,  and  VIII  were  used  in 
the  precipitin  tesfs.  The  CT  polysaccharide  reacted  positively  with  the 
Type  III  antiserum  with  a  titer  of  1  to  256,000.  With  Type  VIII  antiserum 
the  titer  was  1  to  1,000.  No  reaction  was  seen  with  Types  I  and  II  antisera. 
Gel  diffusion  studies  were  carried  out  on  Ouchterlony  plates  prepared  from 
agarose.  Lines  of  identity  appeared  between  the  wells  containing  the  saf flower 
polysaccharide  and  the  Type  III  pneumococcal  antiserum.  These  studies  confirmed 
the  results  of  the  precipitin  test  with  respect  to  cross-reactive  activity 
between  the  plant  and  pneumococcal  polysaccharide. 

The  ability  to  generate  antibody  formation  in  mice  was  measured  by  a 
plaque-forming  assay  of  Baker,  Stashak,  and  Prescott.  The  number  of  plaque- 
forming  cells  elicited  by  the  0.5  pg  dose  of  CT  polysaccharide  averages 
almost  a  third  of  the  number  elicited  by  the  same  amount  of  Type  III  pneumo- 
coccal polysaccharide.  When  the  immunizing  dose  of  the  CT  polysaccharide  was 
increased  to  5  ug,  the  number  of  antibody  forming  cells  produced  increased 
to  nearly  the  same  number  as  found  in  mice  given  an  optimally  immunogenic  dose 
of  0.5  Mg  of  Type  III  pnaumococcal  polysaccharide. 

The  formation  of  plaques  could  be  completely  inhibited  by  the  addition 
of  either  safflower  or  pneumococcal  polysaccharide  to  the  spleen  suspension 
before  it  was  mixed  with  the  sensitized  red  blood  cells.  However,  it  required 
2-3  times  more  safflower  polysaccharide  than  pneumococcal  polysaccharide  to 
produce  this  effect. 

Chemical  Analysis; 

Additional  studies  on  the  carbohydrate  components  present  in  the  CT 
polysaccharides  showed  that  xylose  was  present  in  the  greatest  amount  (38%) . 
In  addition  to  the  carbohydrate  components  reported  in  laat  years  report, 
we  have  now  found  rhamnose  (2%)  and  fructose  (22%)  present  in  the  molecule. 
None  of  the  acid  hydrolyses  revealed  the  presence  of  fructose.  However, 
when  the  CT  polysaccharide  was  mixed  with  an  equal  weight  of  purified 
pectinase  enzyme  in  pH  4.0  buffer  at  a  concentration  of  10  mg/ml  and  incubated 
at  37°C  for  two  weeks,  large  amounts  of  fructose  were  revealed  in  the  solution 
by  paper  chromatography.   It  is  suggested  that  the  safflower  (CT)  polysaccharide 
is  composed  of  primary  chains  of  xylose,  fructose  and  galactose.  The  fructose 
appears  to  be  more  interior  or  firmly  bound  than  the  other  carbohydrates, 
since  It  was  not  revealed  in  the  acid  hydrolysates.  Arabinose  must  be  present 
III  I  111'  cxtorlor,  niori'  exposed  positions,  since  it  was  the  only  carbohydrate 
revealed  by  the  0.1  N  H  S04  acid  hydrolysis.   It  may  have  the  effect  of  in- 
sulating the  polysaccharide  chains  from  each  other,  and  thus  enhance  their 
solubility  by  being  attached  in  single  units  along  the  main  chain  as  in  Xylan. 
Type  III  pneumococcal  polysaccharide  consists  of  chains  of  cellobiuronic  acid 
i.e.,  d-glucuronic  acid  linked  to  d-glucose  in  31-4  glycosldlc  linkage,  the 
cellobruionic  acid  units  being  attached  to  each  othar  in  3  1-3  glycosidic 
linkages.   The  same  active  nucleus  is  probably  present  in  the  CT  polysaccharide 
since  uronic  acid  and  glucose  were  found  present  in  the  molecule. 
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The  cross  reactivity  of  the  CT  polysaccharide  and  Type  III  pneumococcal 
antiserum  and  the  ability  to  elicit  antibody  formation  in  the  spleens  of 
BALB/c  mice  might  be  explained  by  the  presence  of  aide  chains  of  cellobiuronic 
acid  attached  to  the  fructose  part  of  the  main  chain  composed  of  xylose, 
fructose  and  galactose  units,  attachment  to  the  fructose  component  shielding 
it  from  hydrolysis.   Cellobiuronic  acid  in  pure  aide  chains  may  tend  to 
make  it  more  reactive  to  antibody  specific  to  it  than  if  it  were  scattered 
in  the  main  phain.   Only  one-fifth  of  the  molecule  of  CT  is  cellobiuronic 
acid  according  to  the  carbohydrate  analysis.   The  CT  polysaccharide  is  strongly 
levoratatory  in  solution  (a)   -  -27°.   Type  III  pneumococcal  polysaccharide 
is  also  levoratatory  and  all  the  glycosidic  linkages  in  the  Type  III  poly- 
saccharide are  of  the  beta  variety.   Since  a  negative  rotation  in  polysaccha- 
rides is  generally  indicative  of  the  beta  type  glycosidic  linkage,  the  beta 
type  glycosidic  linkage  is  probably  the  predominant  linkage  in  the  CT  poly- 
saccharide. 

Ornamental  Plant  Polysaccharides; 

Since  the  CT  polysaccharide  cross-reacted  with  the  Type  III  pneumococcal 
antiserum.  It  was  of  interest  to  us  to  survey  the  Immunological  activity  of 
polysaccharides  Isolated  from  the  flowers  of  certain  ornamental  plants. 
Accordingly,  20  different  species  of  flowers  were  studied.   The  procedures 
employed  for  the  isolation  of  the  polysaccharides  were  similar  to  those 
described  in  last  year's  report  with  slight  modifications  wherever  needed 
because  of  solubilities  of  the  various  polysaccharides  In  2%  sodium  acetate. 
Among  the  20  flower  polysaccharides  studied  -  two  preparations  -  geranium 
and  petunia  possessed  the  highest  serological  activity  in  the  precipitin 
teits  -  1:512,000  and  1:6  4,000  titers  respectively  In  cross-reactions  with  j 
Type  III  pneumococcal  horse  antiserum.  Polysaccharides  from  carnations,     { 
roses,  nasturtium,  chrysanthemums,  and  begonlaa  also  cross  reacted  In  the    , 
precipitin  test  with  the  Type  III  pneumococcal  antiserum,  but  showed  lower 
titers.  The  geranium  and  petunia  also  gave  lines  of  identity  with  Type  III 
pneumococcal  polysaccharide  in  the  Ouchterlony  test.  The  ability  of  the 
geranium  and  petunia  polysaccharides  to  generate  antibody  formation  In  the 
spleens  of  female  BALB/c  mice  was  similar  to  that  of  T3^e  III  pnetimo- 
coccal  polysaccharide. 

Acid  hydrolysis  of  samples  of  the  geranium  and  petunia  polysaccharides 
In  2N  H2SO4  and  analysis  by  descending  paper  chromatography  revealed  the 
following  carbohydrate  components  in  each:  galactose,  glucose,  rhamnose, 
xylose,  arabinose,  and  uronlc  acid.  The  chemical,  physical  and  Immunological 
properties  of  the  two  polysaccharides  are  similar  to  those  found  In  a  pure 
preparation  of  Type  III  pneumococcal  polysaccharide. 

Studies  are  being  continued  with  these  plant  materials  in  in  vivo  tests. 
The  present  data  on  plant  polysaccharides  emphasizes  the  Importance  of  these 
experiments  and  suggests  that  such  plant  polysaccharides  may  be  of  great 
value  in  Immunological  studies.   All  polysaccharide  fractions  isolated  from 
the  flowers  studies  will  be  sent  to  NCI  to  be  tested  for  potential  antitumor 
activity. 
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of  the  CT  polysaccharide  was  described  In  last  years  report.  The  final  white 
fluffy  product  was  0.1%  of  the  weight  of  the  original  plant  material.  Horse 
and  rabbit  antisera  to  pneumococcal  Types  I,  II,  III,  and  VIII  were  used  In 
the  precipitin  tesjis.  The  CT  polysaccharide  reacted  positively  with  the 
Type  III  antiserum  with  a  titer  of  1  to  256,000.  With  Type  VIII  antiserum 
the  titer  was  1  to  1,000.  No  reaction  was  seen  with  T3rpes  I  and  II  antisera. 
Gel  diffusion  studies  were  carried  out  on  Ouchterlony  plates  prepared  from 
agarose.  Lines  of  identity  appeared  between  the  wells  containing  the  saf flower 
polysaccharide  and  the  Type  III  pneumococcal  antisertm.  These  studies  confirmed 
the  results  of  the  precipitin  test  with  respect  to  cross-reactive  activity 
between  the  plant  and  pneumococcal  polysaccharide. 

The  ability  to  generate  antibody  formation  in  mice  was  measured  by  a 
plaque-forming  assay  of  Baker,  Stashak,  and  Prescott.  The  number  of  plaque- 
forming  cells  elicited  by  the  0.5  yg  dose  of  CT  polysaccharide  averages 
almost  a  third  of  the  number  elicited  by  the  same  amount  of  Type   III  pneumo- 
coccal polysaccharide.  When  the  immunizing  dose  of  the  CT  polysaccharide  was 
increased  to  5  ug,  the  number  of  antibody  forming  cells  produced  increased 
to  nearly  the  same  number  as  found  in  mice  given  an  optimally  Immunogenic  dose 
of  0.5  vig  of  Type  III  pnaumococcal  polysaccharide. 

The  formation  of  plaques  could  be  completely  Inhibited  by  the  addition 
of  either  safflower  or  pneumococcal  polysaccharide  to  the  spleen  suspension 
before  it  was  mixed  with  the  sensitized  red  blood  cells.  However,  it  required 
2-3  times  more  safflower  polysaccharide  than  pneumococcal  polysaccharide  to 
produce  this  effect. 

Chemical  Analysis; 

Additional  studies  on  the  carbohydrate  components  present  in  the  CT 
polysaccharides  showed  that  xylose  was  present  in  the  greatest  amount  (38%) . 
In  addition  to  the  carbohydrate  components  reported  in  last  years  report, 
we  have  now  found  rhamnose  (2%)  and  fructose  (22%)  present  In  the  molecule. 
None  of  the  acid  hydrolyses  revealed  the  presence  of  fructose.  However, 
when  the  CT  polysaccharide  was  mixed  with  an  equal  weight  of  purified 
pectinase  enzyme  in  pH  4.0  buffer  at  a  concentration  of  10  mg/ml  and  incubated 
at  37°C  for  two  weeks,  large  amounts  of  fructose  were  revealed  in  the  solution 
by  paper  chromatography.   It  is  suggested  that  the  safflower  (CT)  polysaccharide 
is  composed  of  primary  chains  of  xylose,  fructose  and  galactose.  The  fructose 
appears  to  be  more  interior  or  firmly  bound  than  the  other  carbohydrates, 
since  it  was  not  revealed  in  the  acid  hydrolysates.  Arabinose  must  be  present 
In  I  he  exterior,  nu)re  exposed  positions,  since  it  was  the  only  carbohydrate 
revealed  by  the  0.1  N  H„S04  acid  hydrolysis.   It  may  have  the  effect  of  In- 
sulating the  polysaccharide  chains  from  each  other,  and  thus  enhance  their 
solubility  by  being  attached  in  single  units  along  the  main  chain  as  in  Xylan. 
Type  III  pneumococcal  polysaccharide  consists  of  chains  of  cellobluronic  acid 
i.e.,  d-glucuronlc  acid  linked  to  d-glucose  in  31-4  (lycosldlc  linkage,  the 
cellobruionic  acid  units  being  attached  to  each  other  in  (5  1-3  glycosldic 
linkages.   The  same  active  nucleus  is  probably  present  in  the  CT  polysaccharide 
since  uronic  acid  and  glucose  were  found  present  in  the  molecule. 
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The  cross  reactivity  of  the  CT  polysaccharide  and  Type  III  pneumococcal 
antiserum  and  the  ability  to  elicit  antibody  formation  in  the  spleens  of 
BALB/c  mice  might  be  explained  by  the  presence  of  side  chains  of  cellobiuronic 
acid  attached  to  the  fructose  part  of  the  main  chain  composed  of  xylose, 
fructose  and  galactose  units,  attachment  to  the  fructose  component  shielding 
It  from  hydrolysis.   Cellobiuronic  acid  in  pure  side  chains  may  tend  to 
make  it  more  reactive  to  antibody  specific  to  It  than  if  it  were  scattered 
In  the  main  phain.   Only  one-fifth  of  the  molecule  of  CT  is  cellobiuronic 
acid  according  to  the  carbohydrate  analysis.   The  CT  polysaccharide  is  strongly 
levoratatory  in  solution  (a)   -  -27°.   Type  III  pneumococcal  polysaccharide 
is  also  levoratatory  and  all  the  glycosldic  linkages  in  the  Type  III  poly- 
saccharide are  of  the  beta  variety.   Since  a  negative  rotation  in  polysaccha- 
rides is  generally  indicative  of  the  beta  type  glycosldic  linkage,  the  beta 
type  glycosldic  linkage  is  probably  the  predominant  linkage  in  the  CT  poly- 
saccharide. 

Ornamental  Plant  Polysaccharides; 

Since  the  CT  polysaccharide  cross-reacted  with  the  Type  III  pneumococcal 
antiserum,  it  was  of  interest  to  us  to  survey  the  Immunological  activity  of 
polysaccharides  isolated  from  the  flowers  of  certain  ornamental  plants. 
Accordingly,  20  different  species  of  flowers  were  studied.   The  procedures 
employed  for  the  isolation  of  the  polysaccharides  were  similar  to  those 
described  in  last  year's  report  with  slight  modifications  wherever  needed 
because  of  solubilities  of  the  various  polysaccharides  in  2%  sodium  acetate. 
Among  the  20  flower  polysaccharides  studied  -  two  preparations  -  geranium    ; 
and  petunia  possessed  the  highest  serological  activity  In  the  precipitin     | 
teats  -  1:512,000  and  1:6  4,000  titers  respectively  in  cross-reactions  with  | 
Type  III  pneumococcal  horae  antiserum.  Polysaccharides  from  carnations,     j 
roses,  nasturtium,  chrysanthemums,  and  begonias  also  cross  reacted  in  the    , 
precipitin  test  with  the  Type  III  pneumococcal  antiserum,  but  showed  lower   I 
titers.  The  geranium  and  petunia  also  gave  lines  of  identity  with  Type  III 
pneumococcal  polysaccharide  in  the  Ouchterlony  test.  The  ability  of  the 
geranium  and  petunia  polysaccharides  to  generate  antibody  formation  in  the 
spleens  of  female  BALB/c  mice  was  similar  to  that  of  Type  III  pneumo- 
coccal polysaccharide. 

Acid  hydrolysis  of  samples  of  the  geranium  and  petunia  polysaccharides 
in  2N  H^SOA  and  analysis  by  descending  paper  chromatography  revealed  the 
following  carbohydrate  components  in  each:   galactose,  glucose,  rhamnose, 
xylose,  arabinose,  and  uronic  acid.  The  chemical,  physical  and  immunological 
properties  of  the  two  polysaccharides  are  similar  to  those  found  in  a  pure 
preparation  of  Type  III  pneumococcal  polysaccharide. 

Studies  are  being  continued  with  these  plant  materials  in  in  vivo  tests. 
The  present  data  on  plant  polysaccharides  emphasizes  the  importance  of  these 
experiments  and  suggests  that  such  plant  polysaccharides  may  be  of  great 
value  in  immunological  studies.   All  polysaccharide  fractions  Isolated  from 
the  flowers  studies  will  be  sent  to  NCI  to  be  tested  for  potential  «mtitumor 
activity. 

57i* 


Project  No.  ZOl  AI  00146-04  LMl 

Fungal  Polysaccharides; 

Since  polysaccharides  from  certain  fungal  species  have  been  shown  to  be 
effective  in  inhibiting  the  spread  of  certain  plant  viruses,  a  joint  project 
with  Dr.  Thomas  is  being  carried  out  on  the  isolation  of  a  polysaccharide 
from  the  fungus  Phythophthera  drechslerli  as  a  potential  Inhibitor  of  patho- 
genic plant  viruses.  Large  batches  of  the  fungus  are  being  grown  in  a 
synthetic  medium  In  order  to  Isolate  the  polysaccharide  from  the  mycelium. 
Characterization  of  the  polysaccharide  will  also  be  studied  to  determine 
the  carbohydrate  composition  and  chemical  configuration.  Preliminary 
analysis  of  hydrolysates  of  the  Phythophthera  drechslerii  for  carbohydrate 
components  show  that  it  contains  28%  galactose,  1%  glucose,  6%  arabinose, 
4%  xylose  and  14%  uronic  acid.  Polysaccharides  Isolated  from  plant  materials 
are  also  being  tested  as  potential  antiviral  agents  against  the  pathogenic 
plant  viruses. 

Pneumococcal  Polysaccharides; 

In  extensions  of  prior  studies  of  pneumococcal  polysaccharides  showing 
highly  immunogeneic  properties,  we  are  now  studying  some  of  the  higher  tjrpe 
pneumococcal  polysaccharides  which  do  not  possess  immunogenic  properties. 
To  date  we  have  prepared  large  batches  of  Types  6,  14,  23,  25,  and  32.  Tjrpe 
III  pneumococcal  polysaccharide  was  also  prepared  for  continued  genetic 
and  immunological  studies. 

In  addition  to  the  above  polysaccharides,  Mycoplasma  pneiunoniae ,  and 
Streptococcal  polysaccharides  were  prepared  and  an  al-3  dextran  isolated 
from  Leuconostoc  mesenteroides  for  immunological  studies.  We  anticipate 
that  the  study  of  structural  configurations  of  some  of  the  polysaccharides 
will  be  most  useful  in  defining  Immunogenic  activity. 

New  Procedures: 

Ik'cauBi-  oi  the  large  number  of  analyses  of  carbohydrates  on  a  wide 
range  of  materials  on  paper  chromatograms  developed  in  our  laboratory  and 
the  failure  of  the  methods  in  use  to  detect  certain  carbohydrate  cooquments 
such  as  trehalose,  a  non-reducing  disaccharide  consisting  of  two  glucose 
residues  on  the  chromatograms,  we  developed  a  new  simple,  rapid,  sensitive 
procedure  for  detection  of  this  carbohydrate  on  paper  chromatograms.  The 
method  is  as  follows:  a  very  active  trehalase  is  known  to  be  present  in 
honeybees.  Spraying  the  carbohydrate  chromatograms  with  an  aqueous  extract 
of  honeybees  (Apis  melllfera)  before  treatment  with  the  aniline  malonate 
reagent  yielded  sufficient  color  so  that  trehalose  could  be  identified  and 
estimated  along  w^th  the  other  carbohydrates  in  a  mixture.  The  trehalose 
is  readily  separated  from  the  common  monosaccharides  and  from  sucrose, 
maltose,  and  raffinose  by  ethyl  acetate-pyridine-water  (180:50:5.75)  on 
Whatman  #4  paper. 

In  addition  to  the  above,  we  have  also  developed  a  method  for  the  de- 
tection of  fructose  using  the  enzyme  pectinase  to  hydrolyze  the  carbohydrate 
without  destroying  the  molecule  as  is  usually  the  case  when  polysaccharides 
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are  hydrolyzed  with  2N  H  SO,  for  the  assay  of  carbohydrate  components. 

These  carbohydrates  have  never  been  estimated  by  this  type  of  procedure. 

In  collaboration  with  Dr.  Peter  Z.  Allen,  Professor  of  Immuno chemistry 
at  the  University  of  Rochester  Medical  School,  a  joing  project  is  being 
carried  out  on  the  immuno chemistry  of  Mycoplasma  pneumoniae  polysaccharide. 
We  are  examining  the  cross  reactive  activity  of  the  M^  pneumoniae  poly- 
saccharide with  a  number  of  different  type  pneumococcal  rabbit  and  horse 
antisera  in  the  precipitin  and  Ouchterlony  tests  and  studying  shared  deter- 
minants in  the  M^  pneumoniae  polysaccharide  and  certain  of  the  pneumococcal 
polysaccharides.   In  preliminary  experiments,  it  was  observed  that  the  M. 
pneumoniae  polysaccharide  cross  reacts  with  rabbit  pneumococcal  antisera 
types  7,  14,  20,  22,  23,  25,  and  32  and  with  horse  pneumococcal  antisera 
types  6,  10,  14,  and  22.   Polysaccharides  of  the  pneimococcl  that  cross  re- 
act with  the  M.  pneumoniae  are  being  Isolated  from  cultures  grown  in  Todd- 
Hewitt  medium,  to  determine  the  carbohydrate  components  that  are  the  determi- 
nant groups  in  the  antigenic  activity. 

The  carbohydrate  components  may  give  us  some  idea  as  to  the  structural 
basis  of  the  cross  reactions  encountered  with  the  M.  pneumoniae  polysaccharide 
and  the  different  type  pneumococcal  antisera.   In  addition,  polysaccharides 
were  Isolated  from  normal  horse  serum  (screened  for  mycoplasma),  PPLO  broth, 
and  from  fresh  yeast  extract  which  is  used  as  a  supplement  for  PPLO  broth. 
These  polysaccharides  were  prepared  by  the  same  procedure  that  was  used  for 
the  isolation  of  the  M.  pneumoniae  polysaccharide  and  tested  with  the 
pneumococcal  antisera  which  were  precipitated  with  the  M^  pneumoniae  poly- 
saccharide.  None  reacted.   The  samples  were  also  tested  for  complement- 
fixation  activity  with  M^  pneumoniae  rabbit  and  human  antisera  and  were 
found  to  be  negative. 

A  joint  study  with  Dr.  John  Finerty  (LMI)  is  being  carried  out  on  the 
Isolation  of  poLyHaccharideu  irom  the  malarial  parasites  I'lasmodlum  berahei 
niid  .l'i.'>jsmod|um  vlnckcl  Ktown  in  mica  In  order  to  determine  the  Immunological 
Hpcclflclty  of  the  polysaccharide  antigens,  their  use  in  serological  tests 
and  the  potential  antigenic  activity  of  these  msterials  In  host  protection. 

The  method  used  for  the  Isolation  of  the  polysaccharides  from  parasites 
after  being  freed  of  most  of  the  blood  products  and  from  normal  mouse 
blood  was  as  follows:   Blood  (vol.)  plus  one  volume  of  N-NaOH.   Held  at 
room  temperature  overnight,  3  volumes  of  cold  95%  ethanol  and  h   volume  of 
ether  were  added  to  the  mixture.   Placed  in  cold  room  (4  C)  overnight  and 
centrlfuged.   The  precipitate  was  taken  up  in  3  ml  of  distilled  water  and 
3  ml  of  15%  trichloracetic  acid  added.   Precipitates,  held  in  cold  %  hour 
and  centrlfuged.   The  precipitate  was  washed  with  3  ml  of  7.5%  trichloracetic 
acid.   The  washing  was  pooled  with  the  original  trichloracetic  soluble  and 
precipitated  with  5  volumes  of  acetone.   Held  in  cold  room  48  hours,  pre- 
cipitated; centrlfuged  and  the  precipitate  taken  up  in  2  ml  5%  sodium 
nrptatc.      Centrlfuppd  f\t   hlRh  speed  to  clarify.   The  soluble  solution  was 
prt'c  IpUalod  wlLli  2  voiumeB  of  95%  ethanol  plus  k   volume  ether.   Placed  in 
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cold  room  24  hours.  Centrifuged,  washed  precipitate  with  methanol,  acetone 
and  ether.  Dried  in  vacume  over  CaCl_. 

A  joint  project  with  Dr.  Paul  R.  Beining,  Professor  of  Biology  at  the 
University  of  Scranton  (Guest  Worker/LMI)  to  determine  the  most  appropriate 
method  for  the  purification  of  staphylococcal  lipoteichoic  acid  (LTA) ,  to 
include  the  determination  of  the  proper  LTA  as  a  backbone  Immunogen  and  for 
inhibition  studies,  and  to  separate  and  analyze  the  protein  molecule  that  is 
attached  to  the  staphylococcal  LTA,  is  being  carried  out. 

Numerous  special  services  were  performed  for  a  number  of  Laboratories 
at  the  NIH  and  other  Government  and  University  Laboratories. 

Several  batches  of  C-pneumococcal  substance  were  prepared  from  Types 
I,  II  and  III  pneumococci  by  acid  extraction  and  column  chromatography.  The 
purified  final  products  were  given  to  Dr.  Eliot  Goldings  of  LI/NIAID  and 
Dr.  C.  Glaudemans,  LC/NIAMD. 

A  two  gram  batch  of  pure  Type  III  pneumococcal  polysaccharide  was  pre- 
pared for  Dr.  Robert  S.  Speirs,  Director,  Immunology  Program  at  the  National 
Center  for  Toxicological  Research,  Public  Health  Service,  Jefferson,  Arkansas 
92079  for  his  studies  on  the  effect  of  certain  drugs  as  Immtmosuppressants 
upon  antibody  production  to  Type  III  pneumococcal  polysaccharide. 

Type  III  pneumococcal  polysaccharides  were  prepared  for  Dr.  Gerald 
J.  Kllenbeln,  Oncology  Center,  Baltimore  City  Hospitals,  Baltimore,  Md.  21224, 
for  his  studies  on  a  rat  model  of  bone  marrow- transplantation  to  determine 
the  time  of  appearance  of  T- independent  and  T-dependent  antigen  antibody 
responses  following  transplantation. 

Type  III  pneiimococcal  polysaccharide  was  prepared  for  Dr.  Seth  Lourle, 
Department  of  Rehabilitation,  Upstate  Medical  School,  Syracuse,  N.Y.  13210, 
for  his  immunological  studies  on  the  effects  of  certain  drugs  on  the  Immunity 
of  Type  III  pneumococcal  polysaccharide. 

Proteins  are  being  isolated  from  Mycoplasma  pneumoniae  organisms  for 
collaborative  studies  with  Professor  H.  Brunner  of  the  Institute  fur  Medi- 
zinische  Mikrobiologie  und  Virologie  der  Universitat  Dusseldorf ,  Moorenstrasze 

5,  Dusseldorf,  West  Germany.   These  materials  will  be  tested  as  potential 
immunogens  in  experimental  studies. 

Pneumococcal  polysaccharides  from  some  of  the  higher  types  were  also 
prepared  for  Dr.  Charles  Helms,  Division  of  Infectious  Diseases,  Department 
of  Internal  Medicine,  University  of  Iowa  Hospitals  and  Clinics,  Iowa  City, 
Iowa  52242,  for  continuation  of  his  studies  on  pneumococcal  mutants  (ori- 
ginated at  NIAID). 

Lipid  concentrations  of  killed  whole  influenza  vaccines  A/Vlctoria 
X47  and  A/Ft.  Dlx  were  determined  for  Dr.  David  W.  Barry  of  LCI.  There 
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was  a  slight  increase  in  the  Victoria  over  the  Dlx,  20.3%  compared  to 
18.5%  respectively. 

Pure  mycoplasma  pneumoniae  glycolipids  were  Isolated  from  the  organisms 
for  Dr.  M.  Grizzard  of  LID/NIAID. 

Chemotherapy: 

One  large  batch  of  the  Hydrazone  of  2-Hydrazinopyridlne  and  2,4- 
Dihyroxybenzaldehyde  was  synthesized  for  NCI  for  continued  studies  of  this 
compound  since  it  was  shown  to  possess  antitumor  activity  in  the  KB  cell 
system. 

Projections: 

An  intensive  study  is  in  progress  to  isolate  purify  and  determine  the 
molecular  configuration  of  additional  serologically  cross-reactive  poly- 
saccharides from  plant  materials  and  from  some  of  the  higher  type  pneumococcal 
polysaccharides  (Types  23  and  32)  since  they  cross  react  vrtth  Mycoplasma 
pneumoniae  polysaccharides.   Emphasis  is  being  placed  on  the  relationship 
of  steric  configuration  of  the  polysaccharide  molecule  and  the  carbohydrate 
components  involved  in  antigenic  specificity.  Partial  hydrolysis  of  the 
polysaccharide  molecule  is  very  Important  in  these  structural  studies.  With 
partial  breakdown  products  of  the  groups  and  components  in  the  molecular  con- 
figuration of  the  serologically  active  polysaccharides,  the  exact  molecular 
weights  and  the  overall  shape  of  the  molecule  can  be  determined.  The  plant 
polysaccharides  could  be  utilized  for  intracellular  detection  of  antibodies 
and  employed  for  the  characterization  of  the  antibodies  after  Immunoelectro- 
phoresis and  may  be  useful  in  studies  of  active  sites  and  preparation  of 
modified  and  synthetic  antigens  by  chemical  means  which  would  not  affect 
the  antigenic  activity  but  increase  the  immunogenic ity  of  the  molecules. 
The  immune  responses  elecitied  by  such  artificial  antigens  may  be  important 
in  areas  such  as  immunological  tolerance,  allergy  and  genetics. 
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Project  Description: 

The  purpose  of  this  investigation  was  to  assess  the  immune  response  in 
mice  inoculated  with  virulent  and  avirulent  strains  of  Entamoeba  histolytica, 
the  causative  agent  of  human  amoebiasis.   The  amoeba  were  cultured,  Jji  vitro 
harvested  and  varying  doseages  injected  into  the  hindfootpad  of  NIH  white 
mice.   The  footpad  was  selected  because  it  is  a  privileged  site  in  that  the 
pathology  of  surrounding  tissues,  including  the  popliteal  lymph  node  can  be 
easily  examined.   It  was  noted  that  the  injection  of  small  numbers  of 
amoeba  caused  intense  swelling  of  the  footpads,  which  were  subsequently 
measured  with  a  dial  micrometer.   This  method  was  chosed  to  ;issay  the  degree 
of  pathogenicity  between  avirulent  and  virulent  strains.   Avirulent  strains 
demonstrated  a  decrease  in  footpad  swelling,  whereas  the  virulent  strains 
caused  footpad  swelling  to  continue  for  a  24  hour  period,  after  which  the 
swelling  rapidly  decreased.   Additional  studies  demonstrated  that  mice  in- 
jected with  live  amoebae,  sensitized  the  mice  so  that  Arthus  and  delayed- 
hypersensitivity  (DH)  reactions  could  be  measured  by  the  injection  of  amobae 
antigen  into  "virgin"  footpads.   Treating  sensitized  mice  with  Cyclophos- 
phamide (Cy)  increased  the  DH  response  to  amoebae  antigens.   Antigens  from 
virulent  amoebae  induced  higher,  DH  reactivity,  than  did  antigens  from  avir- 
ulent.   Preliminary  examination  of  histological  sections  of  footpads, 
taken  a  various  times  after  antigen  injection,  showed  a  mononuclear  infil- 
trate present  only  at  24  hours;  adoptive  cell  transfer  revealed  the  24  hour 
response  to  be  a  cellular  reaction,  further  indicating  a  DH  response  was 
elicited.   These  results  indicate  that  a  mouse  model  can  be  developed  to 
distinguish  avirulent  from  virulent  strains  of  E.  histolytica.   The  DH 
observed  may  also  serve  as  a  means  to  study  delayed-hypersensitivlty 
reactions  in  the  mouse.   Additional  studies  will  focus  on  the  type  of  anti- 
gens present  on  avirulent  and  virulent  strains,  and  the  response  of  T  and 
B  cells  to  these  antigen^. 
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Laboratory  of  Parasitic  Diseases 

National  Institute  of  Allergy  and  Infectious  Diseases 

SUMMARY  -  July  1,  1976  through  September  30,  1977 

INTRODUCTION 

During  the  past  fifteen  months  covered  by  this  report  the  following 
changes  in  professional  personnel  occurred:   Dr.  S.  Martin  was  converted  to 
Visiting  Associate,  Dr.  J.  Johnson  from  Canada  and  England  joined  us  as  a 
Visiting  Associate  as  did  Dr.  T.  Takeuchi,  a  former  Visiting  Fellow,  of  Japan. 
Senior  Staff  Fellow  D.  Harlow  left  for  a  position  with  industry  and  Staff 
Fellows  Fred  and  Mary  Nijhout  were  lost  to  academe  after  a  short  but  eventful 
stay.   Dr.  T.  Kuberski  left  the  Pacific  Research  Section  to  take  a  position 
as  p:pidemiologist  with  the  South  Pacific  Commission  based  in  New  Caledonia. 
After  42  years  of  service  at  the  NIH,  Bruce  Phillips  retired  from  LPD;  he  was 
instrumental  in  initiating  the  former  Laboratory  of  Germ-free  Animals  and  was 
later  with  the  Laboratory  of  Microbial  Immunity.   We  gained  two  new  Staff 
Fellows  in  Dr.  F.  Gillin  and  R.  Beach.   Dr.  J.  Weintraub  was  the  only  depart- 
ing Research  Associate  and  we  have  Drs.  T.  Qulnn  and  B.  Catto  as  new  Research 
Associates.   In  addition,  we  had  Dr.  R.  Desowitz  from  the  University  of 
Hawaii  and  Dr.  A.I.O.  Williams  of  Nigeria  as  Guest  Workers  for  several  months 
in  the  Malaria  Section. 

The  LPD  seemed  to  be  more  active  than  usual  in  field  work  abroad  during 
the  past  year  with  Dr.  Rosen  in  Rangoon,  Burma  working  on  dengue  and  later  in 
Taiwan  with  Dr.  R.  Tesh  for  studies  of  arboviruses  vectors.   Dr.  Ottesen 
spent  several  weeks  in  Madras,  India  on  a  collaborative  project  on  immunology 
of  filariasis.   The  Malaria  group  was  active  with  Drs.  Martin  and  Miller  in 
NiKt^ria  in  1976  and  Dr.  Martin  returning  again  in  1977  to  Nigeria  and  Dr. 
Miller  working  with  the  CDC  group  in  Honduras,  Central  America.   Dr.  Diamond 
departed  in  early  1977  for  a  year  of  TDY  on  amebiasis  in  Mexico.   Dr.  Mercado 
is  spending  at  least  one  year  at  the  University  of  California  at  San  Diego 
learning  new  techniques  in  cell  biology. 
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Labtiratory  of  Parasitic  Diseases 
National  Institute  of  Allergy  and  Infectious  Diseases 
SUMMARY  -  July  1,  1976  through  September  30,  1977 

RESEARCH  ACCOMPLISHMENTS 


IMMUNOLOGIC  RESPONSE  TO     Schistosomiasis  in  man:  A  very  productive 
HELMINTHIC  INFECTIONS       collaboration  with  the  CDC  group  in  Puerto  Rico 

resulted  from  our  opportunity  to  study  cases  of 
acute  schistosomiasis  (see  also  LCI  report  of  Ottesen) .   This  group  also 
made  available  patients  with  chronic  schistosome  infection  which  had  been 
under  study  for  several  years  under  conditions  In  which  re-exposure  to  the 
parasite  was  unlikely.   These  cases  plus  others  that  have  been  referred  to 
us  over  the  last  year  or  so  have  shown  a  changing  pattern  of  Immune  response 
when  studied  by  blastogenlc  activity  of  lymphocytes  to  various  schistosomal 
antigens.   Patients  with  acute  infections  show  perfectly  good  cell-mediated 
immune  responsiveness,  but  chronic  cases  lose  this  responsiveness  to  schisto- 
some antigt-ns  while  responding  normally  to  other  antigens.   Patients  between 
the  acutt'  and  chronic  stage  show  intermediate  degree  Immune  responsiveness. 
In  addition,  an  interesting  phenomenon  of  temporary  return  of  responsiveness 
was  found  In  the  chronic  cases  after  treatment  with  nlrldazole.   This 
pattern  of  apparent  tolerance  to  a  long  standing  helminthic  infection  was 
also  suggested  by  the  results  of  studies  on  fllariasis  in  the  South  Pacific. 
Inhibitory  factors,  both  in  serum  of  patients  and  In  their  lymphoid  cells, 
have  been  demonstrated  which  seem  to  account  for  most  of  the  reduced  immuno- 
logic response.  (Ottesen,  Cheever  and  collaborators).   A  somewhat  similar 
pattern  of  modulation  of  Immune  response  was  found  in  the  IgM  and  IgG  immuno- 
globulin antibody  classes  to  a  specific  proteoglycan  antigen  of  the  schisto- 
some that  originates  from  the  gut  of  the  worm.   Patients  with  acute  schisto- 
somiasis or  recent  infection  invariably  show  elevated  levels  of  antibody  in 
the  IgM  class  to  this  antigen  which  later  drops  down  to  low  levels  when  only 
modest  levels  of  IgG  antibody  persists.  (Nash  and  Ottesen). 

Human  fllariasis :   A  collaborative  study  on  fllariasis  with  particular 
emphasis  upon  tropical  pulmonary  eosinophilia  has  been  initiated  with 
rollaborators  in  Madras,  India.   One  issue  under  study  is  to  try  to  determine 
in  a  more  definitive  way  the  etiology  of  this  dramatic  clinical  syndrome 
characterized  by  asthma  and  striking  degree  of  esinophllla.   This  is  believed 
to  represent  an  infection  in  man  with  a  filarial  parasite  but  the  Infecting 
species  of  parasite  is  still  not  clearly  established.   By  using  a  very 
sensitive  assay  for  histamine  the  cells  of  these  patients  are  being  Incubated 
with  different  antigens  from  different  species  of  filarial  parasites  to  see 
if  the  Igli  response  in  these  patients  is  sufficiently  specific  to  identify 
the  antigen  causing  the  disease.   Preliminary  results  indicate  the  technical 
feasibility  of  this  method  with  suggestions  that  W.  bancrof ti  and  Brugia 
malayia  are  most  likely  Involved.   The  collaboration  in  India  also  permits 
continuing  observations  on  immunologic  responses  in  other  filarial  syndromes. 
(Ottesen,  Neva  and  collaborators). 
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Eosinophils  and  mast  cells  In  parasitic  infections:  Immunologic  receptors 
on  the  surface  of  esoinophlls  for  complement  as  well  as  IgG  have  been  found 
but  in  a  much  lower  frequency  than  exists  for  other  neutrophils.   The  number 
of  receptor  bearing  cells  were  found  to  show  a  significant  increase  in  indivi- 
duals with  helminthic  infections.   The  interaction  of  eosinophils  as  well  as 
mast  cells  with  sch^stosomules  is  being  studied  to  try  to  work  out  more 
precise  mechanisms  as  to  how  these  cells  function  in  immunity  to  parasites. 
(Ottescn,  Chec'ver,  NiihIi  and  collaborators). 

SNAiL  HOSTS  OF    Genetics  of  snails  and  schistosomes:  Since  the  schistosome 
SCHISTOSOMES      parasite  as  well  as  its  snail  host  may  exhibit  genetic 

diversity,  the  variations  in  infectivity  of  different 
iHolatcH  of  S.  mansoni  of  Puerto  Rican  origin  for  well  characterized  snail 
iioslH  haH  been  studied.   One  isolate  of  parasite  from  an  acute  case  of 
schlHtoHomlnBis  appears  homogenlc  whereas  several  other  strains  isolated  from 
chronic  cases  arc  hetrogenic,  each  being  a  mixture  of  two  or  more  genetic 
different  strains  of  S^.  mansoni.   Samples  of  genetically  resistant  snails 
have  been  sent  to  a  worker  at  the  University  of  Brasilia  for  collaborative 
laboratory  and  field  studies.   A  previously  undescribed  unique  type  of 
bacteria  infecting  some  laboratory  snails  was  studied.  (Richard  and 
collaborators) . 

Resistance  of  snails  to  schistosomes:   Since  some  snails  are  resistant 
to  infection  with  the  schistosome  parasite,  enzymes  present  in  snail  tissues 
have  been  studied  for  their  participation  in  the  destruction  of  the  parasite. 
A  variety  of  enzymes  have  been  identified  in  snail  hemolymph  and  extracts 
from  different  tlss^ues.   Evidence  has  been  found  to  support  the  notion  that 
the  level  of  lysozyme  is  higher  in  the  tissues  of  resistant  snails  than  in 
HiiHrtptlble  ones.   With  nutorndiographlc  techniques  evidence  has  been  found 
iliai  till*  MndJl  can  dif rurentttttt?  between  the  mlracldia  of  strains  of  S^. 
manHoni  whan  exposed  to  mixed  simultaneous  or  aerial  exposures  and  selectively 
attack  the  non-compatible  miracidlum.  (Kasslm  and  Richards). 

PHYSIOLOGY  OF  ANTENNAL         A  crucial  stimulus  for  mating  in  the  male 
HAIRS  IN  ANOPHELINE  MATING      mosquito  is  the  flight  sound  of  the  female 

which  is  received  by  prominent  antennal  hairs 
of  the  male.   The  neuro-transmission  of  this  organ  was  found  to  be  a  cate- 
cholamine and  was  activated  by  circadian  rhythm.   The  neural  circuit  that 
induced  hair  erection  was  inhibited  during  the  daytime  but  responsive  to 
adrenergic  agents  and  inhibited  by  compounds  which  block  these  agents.   The 
effect  of  these  drugs  could  be  studied  on  preparations  of  isolated  antennae 
floating  on  drops  of  saline  to  which  the  test  materials  were  added.   Cylic 
nucleotides  were  also  found  to  mimic  the  action  of  the  neuro-transmitter 
agents.   This  system  provides  an  unique  tool  for  neuro-physiologic  studies 
of  a  life  process  mechanism  for  a  medically  important  insect  vector. 
(H.F.  Nl jhouL  and  Beach) . 

I'llYSIOI.oCY  01''  THl'l  MAl.AKIAI,       Kai.  tors  fif  feet ing  In  vitro  gamete  fertiliza- 
CAMl'TOCYTI';  AND  IMMUKITV  TO  IT.    tion;  '  FoH owing  the  demonstration  of  the 

role  of  bicarbonate  ion  and  pH  in  controll- 
ing gametogenesis  in  vitro  it  has  been  found  that  cyclic  nucleotides  probably 
play  a  role  in  initiating  this  process.   In  addition,  a  factor  elaborated  in 
the  gut  of  mosquitoes  is  capable  of  stimulating  gametogenesis.   This  factor  - 
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mosquito  exf lagellatlon  factor  (MEF)  -  is  not  blocarbonate  but  is  a  small 
heat-stable  dialysablt'  molecule.   Further  studies  are  being  directed  toward 
the  idenLiricatlon  and  origin  of  MEF.   (M.  Nljhout  and  Carter).   OoklneteH  of 
both  P.  berghel  and  P.  i50jLlijl£.'"^J!l  ^^''v*'  •'''**"  cultured  In  vitro  from  gameto- 
cytesT  (Ciien).   Al.so,  some  success  has  been  achieved  in  obtaining  functionaJ 
gametocytes  from  a  strain  of  Plasmodium  falciparum  grown  under  in  vitro 
culture  conditions.  (Carter  and  Beach). 

The  status  of  immunization  with  gametes t  The  promising  results  in 
immunization  with  gametes  that  was  reported  previously  with  P^.  gallinaceum 
has  been  extended  to  work  with  the  simian  malaria  parasite,  Plasmodium  knowlesl 
In  rhesus  monkeys.   It  was  found  that  ithmunlzed  monkeys  were  able  to  resist 
a  challenge  infection  which  is  invariably  fatal  in  control  animals.   When 
mosquitoes  were  allowed  to  feed  on  the  immunized  monkeys  they  failed  to  become 
infected  because  of  the  action  of  antibodies  on  sexual  stages  of  the  parasite 
in  the  gut  of  the  mosquito.  (Gwadz  and  Green  of  LI). 

FACTORS  CONTROLLING  INVASION  Laboratory  studies:  It  was  concluded  that 
OF  THE  RED  CELL  BY  MALARIAL  different  proteins  or  glycoproteins  on  the 
MEROZOITES  erythrocyte  surface  are  involved  in  the 

attachment  of  Plasmodium  falciparum  parasite 
as  compared  to  £.  knowlesl.   Treatment  of  the  red  cell  with  various  enzymes 
does  not  have  the  same  effect  with  both  systems.   The  surface  sialoglyco- 
protein  is  considered  a  candidate  receptor  for  P^.  falciparum  because  of 
reduced  susceptibility  to  invasion  after  treatment  of  human  red  cells  with 
trypsin  or  neuraminidase.  (Miller  and  collaborators).   The  interaction 
between  the  surface  of  the  red  cell  and  the  Invading  merozolte  was  studied. 
It  was  concluded  that  a  junctional  complex  forms  between  the  parasite  and 
cell  surface  which  then  moves  over  the  merozolte  to  pull  it  into  the  red  cell. 
(Miller  and  collaborators). 

CI  tnlcfil H t iid_l es :  The  importance  of  the  Duffy  blood  group  substance 

iiH  li   receptor  for  P.  vlvax  which  had  earlier  been  postulated  on  basis  of 
findings  with  P.  knowlesl  but  also  confirmed  from  results  in  black  volunteers 
was  further  corroborated  in  a  natural  situation.   A  black  population  in 
Honduras,  Central  America  where  malaria  was  occurring  was  studied.   All 
eleven  Infections  with  P^.  vlvax  were  found  to  occur  in  Duffy-positive 
individuals  whereas  P^.  falciparum  infections  occurred  with  equal  frequency 
in  Duffy-positive  and  negative  individuals.   (Miller  and  CDC  collaborators). 
A  study  in  Nigerian  children  with  severe  falciparum  malaria  has  Identified 
the  presence  of  pyridoxal  kinase  values  in  the  red  cells  as  being  a  possible 
factor.   That  is,  those  children  with  higher  levels  of  pyridoxal  kinase  had 
more  severe  and  heavier  infections.   An  unexpected  finding  in  the  same  study 
was  that  females  tended  to  have  higher  parasitemias  but  males  had  a  greater 
frequency  of  seizures  and  possibly  cerebral  malaria.   Other  genetic  factors 
that  may  Influence  clinical  disease  with  P^.  falciparum  are  under  study. 
(Martin,  Miller  and  collaborators). 

A  WIDK  VAKIK'IY  01"  STDDIKS   Leishmanla;   An  in  vitro  culture  system  was 

ON  PROTOZOA  devised  for  growing  L.  donovani  in  infected  bone 

marrow  macrophages  without  free  promastigotes 
appearing  In  the  fluid  phase.   The  demonstration  of  amastlgotes  within 
macrophage  phngolysoHomes  without  being  destroyed  continues  to  be  a  mystery. 
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Antigenic  constituents  on  the  surface  of  both  promastigotes  and  amastigotes 
was  demonstrated  by  fluorescent  staining  ("capping")  and  f erritin-labeled 
antibody.   Binding  of  various  lectins  was  also  used  to  demonstrate  the 
presence  of  various  carbohydrate  ligands  on  L.  donovani  surface  membranes. 
These  cell  surface  component?  are  sloughed  off  the  organism  under  conditions 
of  study.  (Dwyer) .   The  site  and  mechanism  of  glucose  phosphorylation  by  cell 
membranes  of  L.  tropica  is  being  studied.  (Gottlieb  and  collaborators).   The 
unusual  pathogenicity  of  a  strain  of  L^.  tropica  for  one  variety  of  in-bred 
mice  has  permitted  continued  study  of  immunologic  responses  during  infection, 
but  these  do  not  explain  the  progressive  course  in  the  animals.   However, 
provlouH  r.V.  Infection  with  BCXJ  inliibited  the  leishmanial  infection  to  a 
Htrlklng  degree.  (Wetntraub).   Col l-medlated  Immunity  in  individuals  with 
kntiwn  prt'vlous  leishmaniasis  is  being  assessed.  (Wyler) . 

Trypanosomes:   With  antibodies  to  polysaccharide  surface  antigens  of 
T.  cruzi  it  has  been  possible  to  demonstrate  circulating  antigen  in  the  serum 
of  infected  animals  and  in  some  acute  cases  of  human  Chagas'  disease.   With 
such  a  reagent  the  site  of  reactive  antigens  on  the  cell  wall  have  been 
demonstrated  with  T.  cruzi  as  well  as  with  C.    fasciculata.  (Gottlieb). 
Circulating  exoantigens  found  during  T_,    lewisi  infections  in  the  rat  are  also 
derived  from  the  trypanosome  surface  coat.  (Dwyer).   In  contrast  to  the  cell 
surface  antigens,  our  knowledge  of  composition  of  the  crude  cell  culture 
antigen  of  T.  cruzi  used  in  serologic  tests  is  very  rudimentary,  but  fractiona- 
tion and  purification  of  this  material  has  finally  started.   Quantitative 
assessment  of  infectivity  of  a  given  strain  of  T^.  cruzi  for  cells  appears  to 
be  reproducible  by  several  different  methods,  but  measurable  changes  were 
found  to  occur  after  freeze-preservation.  (Neva  and  Gam).   A  technique  for 
purification  and  95  percent  recovery  of  blood  form  T.  cruzi  free  of  blood 
elements  has  been  worked  out  using  hypaque-f icoll  centrifugation  followed  by 
DEAE-cellulose  chromatography.  (Mercado) .   Further  work  has  continued  defin- 
ing parameters  of  the  equation  (a  negative  binomial)  that  describes  distri- 
bution of  intracellular  parasites  in  their  host  cells.   One  of  these  para- 
meters depends  upon  the  parasite  and  can  be  predicted,  the  other  parameter 
which  involves  host  cells  has  yet  to  be  modeled  or  predicted.   Instrumentation 
has  now  been  developed  which  permits  direct  visualization  of  the  penetration 
phase  of  T.  cruzi  into  host  cells.  (Dvorak). 

Amebae:   A  new  medium  has  been  developed  for  axenic  cultivation  of  E^. 
histolytica  which  significantly  decreases  the  generation  time  of  amebae  in 
culture  and  reduces  the  time  required  to  re-establish  cultures  following 
cryo-preservat ion.  (Diamond  and  Harlow).   Iron,  a  constituent  of  the  new 
medium  and  a  requirement  for  amebal  growth,  has  been  shown  to  significantly 
influenc-e  the  development  of  amebic  lesions  in  the  liver  of  hamsters  when 
administered  parenterally  or  by  mouth.  (Diamond  and  Keister) .   The  relation- 
ship of  serum  iron  and  iron  binding  capacity  in  patients  with  amebic  liver 
abscess  is  under  study  in  Mexico.  (Diamond  and  collaborators) .   The  virulence 
of  strains  of  E.    histolytica  for  the  hamster  liver  was  found  to  change  with 
time,  whereas  individual  clones  derived  from  these  by  microisolation  were 
relatively  stable  in  virulence.   A  new  method  of  selecting  clones  by  growth 
in  soft  agar  was  developed  and  found  to  be  superior  to  the  microisolation 
technique.  (Gillin,  Keister,  Diamond).   The  ameba  viruses  do  not  seem  to  play 
a  role  in  virulence  conversion  of  E.    histolytica;  the  virulence  of  amebal 


<  .no  Virus  infection  were  concluded  to  reflect  selection 
populations  -"^^^^^"JJ^'^^'^.'e'r  Keister  and  Diamond), 
rather  than  conversion.  (.Mattern, 

.«H  fhe  ELISA  test:   An  outbreak  of  abortion 
Toxopla^ma,^other  £r^tozi)a.^n^^^J^^      investigated  because  the 

in  sheep,  presumably  due  to  ^-^ff^-;"/,^^!/^,  yielding  information  on  the 
circumstances  of  the  outbreak  are  f^^°^f^^^^  ^^  ^^^   parasite.  (Lunde  and 
epidemiologic  f-t^^/^^^^^ff^'^f^asite  of  cattle,  a  Sarcoc^stis  sp.  . 
sLf field).   A  "If ^^^/°^f ^i:^,ro?  oL  and  which  liT^I^^i^e^.i. 
that  occurs  as  cysts  J" /'^^^'^^"^^  ^ogs.  is  being  studied  for  its  ul"a- 
inf.ctlouB  stages  in  f  ^/f^^^/^^Ho  laborator)  .   A  serologic  test  (IHA) 
structural  f^^'^"'^^^'  ^^f  ^  .^  c^^eocvstis  was  developed  and  found  useful 
for  detection  of  antibodies  to^g2£Z£tg  sarcocystis  in  the 

in  diagnosis  of  ^^e  first  confirmed  -^b-ak       ^^^^  ^^^^^^^^  ^^  ^^^„_ 
USA.  (Lunde  and  collaborator).   Th^  Pf ^  infections  provides  a  good  basis 
plasmosis,  amebiasis  and  ^f"  Pf/^^^J^  as  the  recently  described  enzyme- 
Lr  evaluating  new  -J^i^^^;^^"  "^3^^^  ?he  ELISA  test  appears  to  be  very 
linked   immuno-absorbent  ^^^^l.^f^Tl'^^^sites   in  which  LPD  investigators 
useful  for  serologic  ^^«^%"^^^  "f.^/'^'dif ications  of  the  ELISA  technique 
have  clinical  interests   In  f/^f^^f  ^.^^ftection  of  parasite  antigens, 
offer  promise  in  immunologic  stuaiet, 

(Lunde) . 

of  catecholamlnea  under  some  -achanlsm  1^"°!^ "8,„„i,  „en,brane.   Since  the 
chloride  ions  through  a  transport  ^'"  °"  '^^f  „„  system,  the  process 
granules  possess  an  ATPase  and  »"  f^""°"  3°^.  Mitochondrial  inhibitors 
is  similar  to  one  involving  »"««'»li"  ""fi^°"f  „hereas  uncouplers  of 
„ere  found  to  have  no  effect  on  8""f '^/^J^^riig  the  release  reaction, 
oxidative  phosphorylation  were  f""' /"  """JJ  reagents  act  as  proton 

forph-o^ra  rxrct  ^:x':^<^r^^^^'-^  --  - ''-  -""-' 

membrane.  (Uelnbach  and  collaboratora) . 

PACIPIC  RESEAPCH  SECTION    «^^f;^^^f^^^^'i^l.rl:  iTeZoT 

*■■«-■  I"  ■ "'.'   '"  ,  illntcal  encephLuti.  can  occur  with  dengue 

:rrrs"inf-e«io:i!  rd^2,"th:t'de'ng::"iruses  may  be  Isolated  fro.  liver 
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specimens  when  they  can  not  be  recovered  from  other  tissues.   Additional 
serologic  studies  still  in  progress  are  aimed  at  providing  data  on  the 
relative  risk,  of  primary  vs  secondary  dengue  infections  in  this  highly 
endemic  area.   Much  of  this  work  on  dengue  relies  heavily  upon  the  increased 
sensitivity  of  recovering  dengue  virus  by  direct  inoculation  of  mosquitoes 
with  the  specimen.  (Rosen  and  collaborators). 

Other  viruses  transmitted  by  arthropods:   During  the  studies  on  sand- 
fly fever  viruses  in  Iran  a  new  virus  was  isolated  (Isfahan  virus)  from 
phli'botomuH  rili'H  which  turned  out  to  be  a  new  sero-type,  the  7th,  of 
vcHlciilnr  HtomatltlH  vIruH.   Severtil  of  these  VSV  viruses  have  been 
/isHoc  lai  i-d  with  plilobotominf  sand-flies.   Antibodies  to  the  Isfahan  virus 
wore  found  in  humans.  (Tesh) .   Stimulated  by  recent  findings  from  this 
Laboratory  and  elsewhere  of  transovarial  transmission  of  certain  of  the 
arboviruses,  re-examination  of  this  issue  for  some  of  the  more  commonly 
known  arthropod-borne  viruses  is  being  undertaken.  (Rosen  and  Tesh). 

Other  virus  infections  under  study:   Although  additional  information 
about  encephalomyocarditis  (EMC)  virus  has  emerged,  the  mechanism  by  which 
this  agent  is  transmitted  from  animal  to  animal  and  to  man  and  its 
importance  as  a  possible  agent  of  human  disease  remains  a  mystery.   The 
deliberate  laboratory  infection  of  rats  in  which  antibodies  are  commonly 
found,  did  not  result  in  transmission  via  the  intestinal  tract  to  other 
animals.   The  frequency  of  antibody  in  humans  to  this  agent  varies  widely  - 
^;cMier.iJ  1  y ,  only  1  or  2%  but  occasionally  as  high  as  50%  in  some  isolated 
populations.   Si  nee  this  agent  may  produce  a  diabetes  mellitus  state  in 
seloLtcd  strains  of  in-bred  mice  it  was  of  Interest  that  a  group  of  human 
diabetics  had  no  higher  incidence  of  antibodies  to  this  agent  than  control 
populations.  (Tesh). 

Longitudinal  study  of  swine  influenza  virus  in  Hawaiian  pigs:  A  major 
epidemic  of  swine  influenza  occurred  on  the  Island  of  Oahu  beginning  late 
in  November  1976.  The  disese  was  clinically  not  apparent  and  the  occurrence 
of  the  epidemic  was  detected  by  serologic  tests.   In  four  herds  under  close 
surveillance  the  epidemics  appeared  to  occur  almost  simultaneously  without 
any  known  introduction  of  other  animals  from  other  herds.   It  was  of 
particular  interest  that  the  epidemics  were  limited  to  herds  known  to  have 
been  infected  two  to  three  years  previously,  thus  suggesting  that  infection 
was  spread  from  breeding  animals  to  others  without  protective  antibody  but 
under  circumstances  of  reactivation.  (Wallace). 

Beginning  work  on  viral  diarrhea:   Some  new  studies  have  been  initiated 
on  epidemiology  and  public  health  significance  of  newly  discovered  viral 
agents  of  diarrhoeal  disease  in  man.   Techniques  have  been  developed  for 
recovery  of  virus  and  serologic  tests  and  studies  have  started  in  the 
Hawaiian  Islands  as  well  as  from  other  regions  of  the  Pacific.  (Dean). 
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Laboratory  of  Parasitic  Diseases 

National    liiHiliute  ol    Allergy  and    Infectious  Diseases 

SUMMARY  -  July  I,  1976  through  June  30,  1977 

HONORS  AND  AWARDS 


Some  of  the  more  important  honors  received  by  LPD  Staff  In  the  past  year 
Included  the  following: 

Dr.  Carter  was  Invited  Chairman  for  one  of  the  Symposia  at  the  5th  Inter- 
national Congress  of  Protozoology  in  New  York  in  July  1977. 

Dr.  Cheever  finished  his  term  on  the  Tropical  Medicine  and  Parasitology 
NIAID  Study  Section  in  1977.   He  also  served  on  a  special  National  Research 
Council — National  Academy  of  Sciences  subcommittee  on  research  in  the  humid 
tropics. 

Dr.  Diamond  was  awarded  the  Military  Service  Medal  by  the  Department  of 
Defense  U.  S.  Army  for  his  work  on  Amebiasis,  a  disease  of  military  medical 
importance.   He  was  co-editor  of  the  Proceedings  of  an  International  Conference 
on  Amebiasis  that  was  held  in  Mexico  City  in  1975. 

Dr.  Dwyer  received  appointments  as  adjunct  associate  professor  of  parasi- 
tology and  of  protozoology  at  Rockefellow  University  and  University  of  Massa- 
chusetts, respect i\{|ely.   He  was  recently  appointed  to  the  editorial  board  of 
the  Journal  of  Protozoology  and  served  as  chairman  or  vice-chairman  of  several 
symposia  at  the  5th  International  Congress  of  Protozoology  in  New  York  in  July 
1977. 

Dr.  Dvorak  rpceivcd  the  NIH  Director's  award  In  June  1977.   He  was  also 
an  invited  lecturer  at  the  Zeiss  Foundation  in  Gottingen,  West  Germany  in 
SfpUomher  1976  and  an  Invited  participant  at  several  of  the  Symposia  organized 
(or  Llif  'jlli  Int  iTiiaL  tona  I  Congress  of  Protozoology  in  New  York  June  1977. 

Dr.  Miller  was  a  recipient  of  the  NIH  Director's  award  in  June  1977  and 
served  as  a  consultant  to  World  Health  Organization,  agency  for  international 
development  and  U.  S.  Army  Research  and  Development  Command  in  malaria  and 
parasitic  diseases.   He  was  an  invited  lecturer  at  the  annual  meeting  of  the 
Infectious  Disease  Society  of  America  in  October  1976  and  serves  on  editorial 
boards  of  the  Journal  of  Molecular  Medicine  and  on  Experimental  Parasitology. 
He  was  an  Invited  speaker  for  the  Workshop  on  Immunity  in  Parasites  Section 
in  June  1977. 

Dr.  Neva  was  a  consultant  to  U.  S.  Airmy  Research  and  Development  Command 
in  Parasitic  Diseases  and  is  a  member  of  the  editorial  board  of  the  Journal 
of  Infectious  Dlsoasos  and  of  the  American  Society  of  Tropical  Medicine  and 


Hygiene.   His  appointment  as  visiting  lecturer  at  Harvard  University  School 
of  Public  Health  continues.   He  was  an  invited  speaker  for  the  Workshop  on 
Immunity  to  Parasitic  Infections  held  in  June  1977. 

Dr.  Ottesen  was  an  invited  speaker  for  the  Workshop  on  Immunity  in  Para- 
sitic Fnfectlons  in  June  1977. 

Dr.  Richards  received  the  U.  S.  Public  Health  Service  meritorous  service 
medal  for  Commissioned  Officers  in  the  Spring  of  1977. 

Dr.  Rosen  was  a  consultant  and  invited  speaker  for  the  World  Health 
Organization  at  meetings  in  Singapore  and  in  French  Guiana.   He  also  con- 
cluded his  year  as  President  of  the  American  Society  of  Tropical  Medicine 
and  Hygiene  by  giving  the  Presidential  address  at  the  annual  meeting  in 
Philadelphia  in  October  1977. 

Dr.  Wallace  was  elected  a  counselor  of  the  American  Society  of  Tropical 
Medicine  and  Hygiene. 
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NUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Genetic  variations  occur  in  susceptibility  to  infection  in  Biomphalaria 
^labratn  and  Infectlvity  In  Schistosoma  mansonl.   Studies  indicate  at  least  10 
genetically  different  susceptibility  types  in  B^.  glabrata.   Exposures  of  B. 
glabrata  have  demonstrated  at  least  three  different  S.   mans on i  strains  of  Puerto 
Rican  origin.   tsolations  from  Puerto  Rican  cases  involved  mixed  infections, 
yielding  two  genetically  different  S^.  mansoni  strains. 

A  rilmiilt>.  dominant,  pigment  mutant  In  B.  glabrata,  occurring  on  a  different 
ctirumoaome  from  the  gene  determining  albinism,  results  in  coalescence  of  mantle 
spotting  la  wLldtypc  and  blackeye  snails. 

Using  labelled  miracidia  and  autoradiography  it  has  been  shown  that  when  a  Bn 
glabrata  susceptible  to  one  S^.  mansoni  strain  but  resistant  to  another  is  exposed 
to  both,  either  in  series  or  at  the  same  time,  the  host  reaction  is  strain  specifp.c 

Enzyme  studies  have  shown  increases  in  lysozyme  in  hemolymph  and  headfoot 
extract  shortly  after  miracidial  penetration,  and  the  increase  is  greater  in 
resistant  then  susceptible  snails. 
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Cooperating  Units,  continued: 

Ju.in  Laboratories,  Bureau  of  Laboratories,  CDC,  San  Juan,  P.R. 

Project  Description: 

The  objective  is  to  study  molluscan  and  trematode  genetics  with  particular 
attention  to  applications  to  control  measures.   To  study  prospective  agents 
for  biological  control  of  Intermediate  hosts  of  schistosomes.   To  study  the 
biology  of  the  snails  with  the  aim  of  improving  the  efficiency  of  control 
measures.   To  study  the  contributions  and  complications  of  molluscan  diseases 
and  molluscan  genetics  to  bio-medical  research.   To  study  the  causes  of  tumors 
in  mollusks.   To  study  host-parasite  interaction  and  molluscan  cellular 
defence  mechanisms.   To  study  snail  amebocytes,  particularly  as  related  to 
defence  against  parasites. 

Individual  snails  (Blomphalaria  glabrata  and  Biomphalaria  straminea)  are 
exposed  to  various  strains  of  Schistosoma  mansoni ,  and  selection  and  crossing 
experiments  conducted  to  investigate  further  the  genetic  aspects  of  molluscan 
susceptibility  to  infection.   Results  of  penetration  of  individual  miracidia 
of  S^.  mansoni  in  different  snail  types  are  observed  and  selection  and  crossing 
experiments  conducted  to  investigate  the  genetic  aspects  of  schistosome  infec- 
tivity. 

Genetic  variations  in  infectivity  for  E.    glabrata  in  strains  of  S^.  mansoni 
of  Puerto  Rican  origin  are  being  studied  in  collaboration  with  Dr.  Ernesto 
Ruiz  (San  Juan  Laboratories,  CDC,  P.R.).   B^.  glabrata  of  several  genetically 
characterized  susceptibility  types  are  being  exposed  to  each  S^.  mansoni 
strain.   An  isolation  (PR-2)  from  an  acute  case  appears  homogenic  and  much  less 
infortlvc  for  B.  glnbrnt.i  than  the  Puerto  Rican  strain  (PR-1)  maintained  at 
Nlll  \  or   over  tO  vi'''irs.   Three  of  the  Puerto  Rican  strains  under  study  are 
frDiii  cliroulc  lasi's  wltli  recurrences  suggesting  reinfection.   Snail  exposure 
indicate  these  three  isolations  are  heterogenic,  each  being  a  mixture  of  two 
or  more  genetically  different  S^.  mansoni  strains.   This  supports  the  proba- 
bility of  reinfection  and  may  yield  information  on  degree  of  strain  specificity 
in  acquired  immunity. 

Establishing  genetic  stocks  of  B.  glabrata,  particularly  different  types 
of  susceptibility  to  S^.  mansoni,  provides  material  for  bio-chemical,  biological 
and  cytogenetic  intraspecif ic  analyses.   Such  stocks  have  been  provided  on 
request  to  several  other  investigators. 

Need  for  evaluation  of  the  role  of  genetics  in  snail  control  continues. 
Resistant  B.    glabrata  may  prove  useful  in  biological  control  of  schistosomiasis 
by  dilution  or  replacement  of  populations  of  susceptible  snails  in  endemic 
areas.   Samples  of  genetically  resistant  snails  have  been  sent  to  Dr.  Barbosa, 
University  of  Brasilia,  for  collaborative  laboratory  and  field  studies  along 
these  lines.   Progress  in  understanding  causes  of  susceptibility  or  insuscep- 
llhlllty  of  B.  y  LiUr.ii  .1  to  Infection  with  S^.  mansoni  accelerates  the  prospect 
of  safe  field  testing  of  resistant  snail  stocks  for  control. 
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Another  mutation  modifying  pigmentation  appeared  in  a  B.    glabrata  stock. 
'J'liiH  mutant  gt-ne  caiieii'H  coalesccnct'  of  mantle  apottlng  In  wildtype  and  blackeye 
hii;iI1h,  hclnR  uncxpn-HMod  In  all)I.noH.   Co/iltsNi'tMico  Ih  dt>mln«iit  ,  foliowN  simple 
Mendel  I  fin  Inlier  I  tance,  mid  the  gene  is  located  on  a  different  chromosome  from 
that  determining  albinism.   This  provides  another  good  genetic  marker  for 
another  linkage  group.   Some  aspects  of  B^.  glabrata  genetic  studies,  including 
pigmentation,  involve  cooperation  with  Dr.  Ned  Feder  and  Mr.  Walter  N.  Stewart 
(LKP,  NIAMD). 

Amebocytes  play  an  important  role  in  the  defence  of  B^.  glabrata  against 
infection  by  S^.  mansoni.   Studies  on  the  occurrence  of  genetic  proliferative 
amebocytic  accumulations  are  continuing.   In  one  stock  of  B^.  glabrata,  juvenile 
susceptible  to  S^.  mansoni,  some  young  adults  remain  susceptible  while  others 
become  resistant  to  infection.   Resistance  is  associated  with  formation  of 
amebocytic  accumulations  in  the  atrium.   Comparison  of  young  adult  snails  with 
and  without  atrial  amebocytic  accumulations  such  as  enzyme  analyses,  may  help 
clarify  the  mechanism  of  resistance. 

Collaborative  studies  on  interaction  between  B^.  glabrata  and  S^.  mansoni 
are  continuing,  with  Dr.  Lie  and  Dr.  Heyneman  of  the  Hooper  Foundation  and 
Dr.  Cheng  of  Lehigh  University.   These  studies  include  the  effects  of  exposures 
to  echinostome  larvae  on  resistance  of  snails  to  S^.  mansoni ,  the  role  of  the 
amebocyte  producing  organ,  and  enzyme  analyses  in  cellular  and  serum  components 
of  the  hemol5miph  of  B^.  glabrata. 

Studies  on  a  variety  of  tumors  observed  in  B^.  glabrata,  many  of  which  are 
genetic,  will  be  continued. 

Mirrosporida,  amebae,  and  bacteria  cause  extensive  damage  in  some  snail 
hosts.   These  and  other  snail  diseases  need  to  be  examined  for  potential  human 
iiif  I'd  ion,  and  prosi)ec t.  I  vc  use  as  agents  in  biological  control  of  snails.   It 
Is  essential  to  be.  aware  of  the  occurrence  of  these  infections  and  their  rela- 
tions with  the  snails  and  other  parasites  to  plan,  conduct,  and  interpret 
experimental  research  on  snails  with  validity.   A  previously  undescribed,  unique 
type  of  bacteria  infecting  Bullnus  jousseaumei  has  been  studied  in  collaboration 
with  Dr.  Roger  M.  Cole  (LSD,  NIAID)  and  a  manuscript  prepared  for  publication. 

(ienetic  studies  on  B.    glabrata  and  B^.  straminea  will  be  continued  to: 
a)  seek  additional  genetic  markers;  b)  expand  our  knowledge  of  linkage  groups; 
and  c)  test  additional  stocks  of  B.   glabrata  and  strains  of  S^.  mansoni  as 
available.   Genetic  studies  on  S_.   mansoni  will  be  continued  to  establish  dif- 
ferent genetic  infectivity  strains  and  elucidate  the  genetics  of  infectivity. 

Research  studies  in  collaboration  with  Dr.  Frederick  Barbosa,  Professor 
of  KpidemioloKy  at  thi>  University  of  Brasilia  will  be  continued.   T-aboratory 
;:iiul  rielcl  trials  will  he  carried  on  in  ISrazil  to  assess  the  potential  geneiie 
ciinirol  d  t  r.insiiiiss  Ion  ol  S,    mansoni  by  the  use  of  genetic  stocks  of  B. 
g^]_abrata  and  B.  straminea  resistant  to  infection.   Studies  on  competitive 
replaeemeiiL  of  U.  jLjIahrala  by  B.  straminea  will  be  included. 
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Studies  wlJl  be  continued  on  Interaction  between  host  snails  and  trema- 
tode  parasites.   To  elucidate  the  mechanisms  of  molluscan  resistance  (and 
susceptibility)  to  S.   mansoni  infections.   The  rapid  destruction  of  S^.  mansoni 
miracidia  in  resistant  strains  of  B^.  glabrata  suggests  that  the  degradation 
of  the  parasite  may  be  mediated  by  enzymatic  hydrolysis.   Hemo lymph  and  extracts 
from  the  headfoot  and  hepatopancreas  of  the  snail  were  assayed  for  and  found 
to  contain  the  following  enzymes:   lysozyme,  acid  and  alkaline  phophatasee, 
6-glucuronidase,  leucine  aminopeptidase,  glutamic  pyruvic  and  glutamic  oxala- 
cetlc  tranHomlnase.s.   '['he  activities  of  these  enzymes,  both  prior  to  and  after 
exposure  of  the  miracidia  to  the  snail  at  specific  time  intervals,  are  measured, 
and  it  is  expected  that  changes  in  the  levels  of  such  enzymes  would  allow  con- 
clusions to  be  drawn  as  to  the  role  of  hydrolytic  enzymes  in  the  destruction 
of  the  parasites. 

Preliminary  results  indicate  that  the  level  of  lysozyme  increases  in  the 
liemolymph  and  lieadfoot  extract  shortly  after  exposure  to  the  miracidia,  but 
the  amount  of  increase  is  higher  in  resistant  snails  than  in  susceptible  ones. 
Data  from  work  on  other  enzymes  are  being  analyzed.   In  a  related  experiment, 
we  liave  demonstrated  by  means  of  autoradiography  that  the  snail  can  differ- 
entiate between  two  strains  of  S^.  mansoni  miracidia  in  mixed  simultaneous  and 
serial  exposures  and  selectively  attack  the  non-compatible  strain  of  miracidia. 
Results  from  other  experiments,  also  using  autoradiography,  indicate  that  the 
"cxcoHs"  mlracldtn  destroyed  In  susceptible  snails  penetrated  by  a  large  number 
of  mIracUlla  are  not  necessarily  the  later  miracidia  to  penetrate.   Encapsulated 
mlrnc-ldla  Included  both  early  and  later  penetrating  miracidia. 

Preliminary  results  from  ongoing  experiments  comparing  five  strains  of 
S^.  mansoni  in  the  mouse  indicate  that  one  of  the  two  Puerto  Rican  strains 
(PR-1)  is  the  most  infective,  while  the  Lc-1  St.  Lucian  strain  appears  to  be 
the  least  Infective  in  terms  of  egg  production  and  egg  accumulations  in  the 
tissues.   Efforts  are  also  underway  to  compare  the  patterns  of  granuloma 
formation  In  both  the  liver  and  spleen  of  the  infected  mouse.   The  PR-1  stralrt 
also  has  a  broader  range  of  infectivity  in  different  stocks  of  B.   glabrata 
than  the  Lc-1  strain,  , 

I 

Publications: 
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Richards,  C.S.:   Genetics  of  the  host-parasite  relationship  between  Biomphalaria 
glabrata  and  Schistosoma  mansoni.  Symposia  of  the  British  Society  for  Parasi- 
tology, 14:   45-54,  1976.  ' 

Richards,  C.S.:   Schistosoma  mansoni:   Susceptibility  reversal  with  age  in  the 
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Lie,  K.J.,  Heyncman,  D. ,  and  Richards,  C.S.:   RttidloH  on  rsBlHtance  In  flnalln: 
Interference  by  nonirradiated  echlnostome  larvae  with  natural  resistance  to 
Schistosoma  mansonl  in  Biomphalaria  glabrata.   Jour.  Invert.  Pathol.,  29: 
118-125,  1977. 

Richards,  C.S.:   Variations  in  infectivity  for  Biomphalaria  glabrata  in  strains 
of  Schistosoma  mansoni  from  the  same  geographic  area.   Bull.  WHO.   (in  press) 

Richards,  C.S.:   Genetic  studies  on  Biomphalaria  stramlnea:   Occurrence  of  a 
fourth  allele  of  a  gene  determining  pigmentation  variations.   Malacologia. 
(in  press) 

Lie,  K.J.,  Heyneman,  D.,  and  Richards,  C.S.:   Studies  on  resistance  in  snails: 
Temporary  reduction  of  natural  resistance  to  Schistosoma  mansoni  in  Bio- 
mphalaria glabrata  induced  by  irradiated  miracidia  of  Echinostoma  paraensi. 
Experimental  Parasitology   (in  press). 


^  C  <  ] 


tiMITHSONlAN   ;;C|LNOl.    INI  UHMAT  ION   LXCMANllL 
I'llOJlCT   NIJMIIIM   (llo  NOl   u»e    thU   e,|ia(.») 


U.U.  OrPAOTMrfJT  OF 
INTRAMURAL  RESEARCH  l>(IOJEOT 


PROJI  CT  NUMfiLR 

ZOl  AI  00092-11  LPD 


PERIOD  COVtRLO 

July  1,  1976  to  September  30,  1977      ^^ 

mU  OF   PHOJIcf  (80  chiract'ers   or   Utm) 

The  pathogenesis  of  schistosome  infections  in  mammalian  hosts 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENQAOtD  ON  THE  PROJECT 

PI:     A.W.  Cheever   Ass't.  Chief,  Laboratory  of  Parasitic  Diseases     NIAID 
Head,  Section  on  Host  Parasite  Relations      LPD  NIAID 
Other:   T.E.  Nash      Medical  Officer  ,  LPD  NIAID 

E.A.  Ottesen   Medical  Officer  LPD  NIAID 


COOPERATING  UNITS  (if  any )  Southwest  Foundation  for  Research  and  Education;  Department 
of  PatholoRy,  Hospital  Prof.  Edgard  Santos,  Salvador,  Brazil;  Department  of 
Pathology,  Cairo  University  I-'.-iculty  of  Medicine,  Cairo,  Egypt;  Department  of 

Zoology,  llnivt-rslty  of  Georgia;  Laboratory  of  Statistical  and  Mathematical 

lab/branch 

Laboratory  of  Parasitic  Diseases ^^^^^^^ 


SECTION 

Host-parasite  relations 


INSTITUTE  AND  LOCATION 

NIAID,  Bethesda 


TOTAL  MAMYEARS: 

_   24/12 

CHECK   APHROCRIAU.    bOX(L;;) 
U   (a)      HUMAN    SUBJECTS 


PROFESSIONAL: 

12/12 


12/12 


kJ  (b)  HUMAN  TISSUES 


Q  (c)  NEITHER 


Q  (al)  MINORS   [J  (a2)  INTERVIEWS 


SUMMARY  OF  WORK  (200  word:,  or  less  -  underline  keywords) 

Schistosome  Infections  .ire  studied  quantitatively  in  man  and  in  experimental 
anitmils.   Ilip  numbor  of  adult  worms  present  is  related  to  passage  of  eggs 
In  the  excrotii,  acc-umulat ton  ol  i-ggs  in  the  tissues  and  the  development 
of  lesions  in  the  tissues.   Hepatic  pathology  produced  by  Schistosoma  mansoni 
in  Brazil  and  Egypt  appears  to  be  identical,  both  in  the  anatomic  lesions 
produced  and  In  the  number  of  worms  required  to  produce  severe  hepatic 
pathology.   Schistosomal  rolontc  polyposis  is  frequent  in  Egypt  and  extremely 
rare  in  Brazil  In  spite  of  comparable  Intensity  of  Infection  in  these  two 
count  rloH.   Obatructlvi-  tiropuiliy  la  Egyptian  patients  examined  at  autopsy 
wiiH  relatt'd  to  tlu'  |>rfni-iuc  ami  Intensity  of  ji^.  Iiaematobium  infection; 
however,  levels  of  infection  wore  similar  in  cases  of  inconsequential  and 
severe  obstructive  uropathy.   Experimental  S^.  japonicum  Infections  in  rabbits 
produce  severe  hepatic  fibrosis  which  may  be  anatomically  similar  to  Symmers' 
clay  pipestem  fibrosis  in  man. 
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Cooperating  Units,  continued: 

Methodology,  DCRT;  DLvlsLon  of  Clinical  Oncology,  University  of  Wisconsin 
Medical  School. 

Project  Description: 

The  nature  and  pathogenesis  of  the  lesions  produced  in  mammalian 
hosts  by  schistosomes  of  medical  importance  are  studied  in  man  and 
experimental  animals.   Schistosome  infections  are  quantitated  by  measure- 
ment of  egg  passage  in  the  excreta  and  egg  accumulation  in  host  tissues. 

Analysis  of  a  series  of  400  consecutive  autopsies  done  in  Cairo, 
Egypt  has  continued  and  three  of  the  manuscripts  have  been  accepted  for 
publication.   A  manuscript  on  hepatic  lesions  is  in  preparation  and 
analysis  of  pulmonary  lesions  is  being  undertaken. 

Rabbits  with  heavy  S^,  japonicum  infections  developed  marked  hepatic 
fibrosis,  and  in  one  rabbit  lesions  resembling  those  of  Symmers'  clay 
pipestem  fibrosis  in  man  were  seen,  together  with  marked  portal  hyperten- 
sion and  marked  splenomegaly.   Symmers'  fibrosis  is  responsible  for  most 
of  the  morbidity  and  mortality  caused  by  S^.  mansoni  and  S^.  japonicum 
infections  In  man.   if  Symmers'  fibrosis  can  be  reproduced  with  some 
regularity,  the  rabbit  will  be  the  model  of  choice  (other  than  the 
chimpanzee)  for  the  study  of  most  aspects  of  the  pathogenesis  of  Symmers' 
fibrosis.   We  are  also  encouraged  by  the  severe  portal  endophlebitis  and 
extensive  microscqpic  portal  fibrosis  seen  in  rabbits  without  frank 
Symmers'  fibrosis,  as  these  also  bear  striking  resemblance  to  the  hepatic 
changes  seen  in  infected  persons.   The  biology  of  £.  japonicum  in  rabbits 
is  unique  and  appears  to  impose  serious  strictures  on  use  of  the  model. 
As  the  infection  becomes  more  chronic  (6-12  months)  the  liver  lesions 
become  inactive  and  hepatic  pathology  becomes  less  severe.   We  have  shown 
this  to  be  caused  by  a  striking  reduction  in  the  number  of  viable 
S^.  japonicum  eggs  in  the  liver.   This  is  not  related  to  a  decrease  in 
worm  numbers  or  to  a  marked  decrease  in  egg  laying  by  the  worms.   Thus  it 
seems  unlikely  that  Symmers'  fibrosis  can  be  produced  in  the  rabbit  by 
prolonged  lnf(-ctlons  of  moderate  intensity. 

li  I  adder  lesions  occurring  in  capuchin  monkeys  infected  with 
£.  haematobium  resembled  early  transitional  cells  carcinomas.   On  pro- 
longed followup  (.3  years)  none  of  these  bladder  tumors  has  been  invasive, 
and  several  have  disappeared,  suggesting  that  they  are  inflammatory  rather 
than  neoplnsilc.   This  work  should  be  terminated  during  the  coming  year. 

Durlnf,  the  next  year  we  plan  to  begin  investigation  of  the  effects  of 
liost  ImmunlLy  upon  sclilstosomes.   This  work  will  be  done  in  collaboration 
with  Drs.  Nash  and  Ottesen.   Initial  experiments  will  focus  on  the  in 
vitro  system  of  antibody  dependent  cytotoxicity  mediated  by  eosinophils 
(as  described  by  Butterworth) .   Initial  experiments  will  be  directed 
toward  determination  of  the  time  course  of  development  of  this  cytotoxic 
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HiiLibudy  during  Lhu  course  oi  schlstoaome  Iniectlon  in  man  and  nunhuman 
primates  and  exploration  of  the  relevance  of  this  antibody  to  resistance 
to  reinfection. 

Understanding  of  the  lesions  cause  by  schistosomiasis  in  man,  the 
associated  morbidity  and  their  relation  to  intensity  of  infection  are  basic 
to  planning  control  of  the  disease  and  to  treatment  of  patients.   If  light 
infections  are  unimportant,  then  these  should  not  be  treated  (all  available 
drugs  are  toxic)  and  control  measures  alrrted  at  reducing  infection  intensity 
should  be  vigorously  aupported. 

Publications; 

Kuntz,  R. ,  Cheever,  A.W.,  Myers,  B,J.,  Young,  S.W.  and  Moore,  J. A.; 
Calcification  of  the  bladder  and  papillary  tumors  of  the  bladder  and  ureters 
in  gibbons  (Hylobates  lar)  infected  with  Schistosoma  haematobium  (Iran). 
Trans.  Roy.  Soc.  Trop.  Med.  Hyg.  69:  494-502,  1975. 

Cheever,  A.W.,  Kintz,  R.E.,  Moore,  J. A.,  Bryan,  G.T.,  and  Brown,  R.R.: 
Carcinoma  of  the  urinary  bladder  in  Schistosoma  haematobium.   Am.  J.  Path. 
84:  673-676,  1976. 

Sadigursky,  M. ,  Kamel,  I. A.,  Elwi,  A.M.,  Banner,  R.,  Cheever,  A.W.,  and 
Andrade,  A.Z.A.:   Absence  of  schistosomal  glomerulopathy  in  Schistosoma 
haematobium  Infection  In  man.   Trans.  Roy.  Soc.  Trop.  Med.  Hyg.  70: 
Y22-)2j7  1976. 

Cheever,  A.W.,  Kuntz,  R.E.,  Moore,  J. A.  and  Juang,  T.C.:   Proliferative 
epithelial  lesions  of  the  urinary  bladder  in  cynomolgus  monkeys  (Macaca 
fasicularis)  infected  with  Schistosoma  intercalatum.   Cancer  Research.  36: 
2928-2931,  1976. 

Kamel,  I.A.,  Cheever,  A.W.,  Elwi,  A.,  Moismann,  J.E.  and  Danner,  R. : 
Schistosoma  mansoni  and  S^.  haematobium  infections  in  Egypt.   I.  Evaluation 
of  techniques  for  recovery  of  worms  and  eggs  at  necropsy.   Am.  vJ.  Trop. 
Med .  Hyg .  (In  press). 


Cheever,  A.E.,  Kamel,  I. A. 
Schistosoma  mansoni  and  S, 


,  Elwi,  A.M.,  Mosimann,  J.E.  and  Danner,  R. : 
haematobium  infections  in  Egypt.  II.  Quantitative 


parawi lologlcal  findlngH  at  necropsy.   Am.  J.  Trop.  Med.  Hyg.  (In  press). 

Chnt^vtn,    W.W.,    KaiUfl,    I.,    I'.lwl,    A.M.,    Mosimnnn,    .I.K.,    Dnnner.    H.    and 
Sl|ip.-I,     i.i:.:      ^' ii'jr'.'L^jV"''   i"""''f'nl  and   S.    hiuMiuitj^h  lum    Inli-cilonH    in   E^ypt. 
III.      Extrahepatic  pathology.      Am.   J.   Trop.  Med.    Hyg.    (In  press). 

Ottesen,  E.A.,  Stanley,  A.M.,  Gelfand,  J. A.,  Gadek,  J.E.,  Frank,  M.M., 
Nash,  T.E.,  and  Cheever,  A.W.:   Immunoglobulin  and  complement  receptors  on 
human  eosinophils  and  their  role  in  cellular  adherence  to  schistosomules. , 
Am.  J.  Trop.  Med.  Hyg.  (In  press). 
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riii-  iiLi)(ii  goal;!  Ill  lliJ.H  project  are  to  cliarai-tfrl^io  the  host's  Inmmne  response 
to  helminth  infections  and  to  relate  these  findings  to  the  pathogenesis  of 
clinical  disease.  Studies  of  human  fllariasia  (bancroftl)  and  schistosomiasis 
(mansoni)  suggest  that  the  initial  vigorous  cellular  immune  responses  to  para- 
site antigens  which  characterize  recently  infected  individuals  are  progressively 
modulated  to  an  essentially  unresponsive  state  during  chronic  infection.   This 
'defect'  in  responsiveness  during  chronic  infection  is  antigen  specific  and 
primarily  limited  to  cellular  immunity.   Factors  responsible  for  inhibiting  this 
cellular  reactivity  can  be  detected  both  in  serum  and  in  mononuclear  cell  popula- 
tions.  The  importance  of  humoral  immunity,  especially  that  associated  with  IgE 
antibodies  in  these  helminth  infections  has  been  demonstrated  both  in  its  rela- 


tion to  the  A'arious  clinical  syndromes  of  filariasis  in  man  (including  tropical 
eosinophilia)  and  in  its  association  with  protective  immunity  in  rats  with 
brugian  filariasis.   Subpopulations  of  eosinophils  have  been  defined  by  the  pres- 
I'ticc  or  .ilificiicc  (>r  J^C   .iiul  complement  receptors,  and  the  importance  of  these 
re(:epLi)r-l)eur lug  cell  uopulatlons  in  specific  interactions  between  eosinophils 
uid  parasitea  (microfilariae  and  schistosomules)  has  been  demonstrated. 
|'|i;.-(j040  [,'   ,: 
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Project  Description; 

The  character  and  evolution  of  the  immune  response  in  man  and  experl,- 
mental  animals  has  been  studied  during  and  following  infection  with  para- 
sitic helminths. 

FilnrlnBls.   Tlie.  questions  of  why  some  individuals  in  an  endemic  area 
berome  Inffcted  with  fllaria  while  others  appear  to  resist  It  and  of  why 
even  among  infected  Individuals  the  clinical  manifestations  of  disease  can 
be  so  varied  have  led  to  a  search  for  the  relevant  Immunologic  parameters 
both  in  field  studies  of  human  fllariasis  and  in  work  on  a  lablratory  model 
of  the  disease.   The  first  field  study  (Project  //J0233-I-74)  carried  out  in 
the  Cook  Islands  suggested  that  the  most  clearly  dlscernable  differences 
between  the  Immune  responses  of  infected  and  non-infected  individuals  was 
the  presence  of  strong  cellular  immunity  to  filarial  antigens  (measured  by 
lymphocyte  transformation)  In  the  exposed,  non-infected  population  but  an 
almost  complete  absence  of  such  responsiveness  among  infected  individuals. 
Furthermore,  the  propensity  to  develop  patent  microfilaremia  appeared  to  be 
a  heritable  trait  not  related  to  the  individuals  HL-A  type  (Ottesen) .   The 
second  field  study  (Project  y/76-I-231)  was  initiated  in  collaboration  with 
the  Indian  Council  of  Medical  Research  in  Madras  to  study  both  immediate 
hypersensitivity  (in  vitro  histamine  release)  and  delayed  hypersensitivity 
(lymphocyte  transformation  and  lymphokine  production)  responses  in  patients 
with  the  different  clinical  features  of  bancroftian  and  brugian  filarisis 
but  especially  with  the  asthma-like  filarial  syndrome,  tropical  pulmonary 
eoslnophllia.   Differences  in  immediate  hypersensitivity  responses  to 
various  filarial  antigens  have  been  found  among  the  different  clinical 
groups,  and  these  differences  and  their  relation  to  the  clinical  features  of 
filarial  disease  are  currently  being  explored  in  this  ongoing  collaborative 
effort  (Ottesen,  Neva). 

Brugia  pahangl  iLifectlons  have  been  successfully  established  in  inbred 
Lewis  rats.   Studies  characterizing  the  parasitologic  and  immunologic 
responses  of  animals  infected  according  to  a  number  of  different  schedules 
have  shown  that  while  about  3/4  of  the  animals  develop  patent  microfilaremia  | 
about  1/4  remain  resistant  to  infection.   Though  no  differences  were 
detected  in  lymphocyte  responses  (transformation  assay)  of  the  positive  and 
negative  animals,  an  early  specific  IgE  antibody  response  was  associated     i 
with  the  absence  of  microfilaremia  in  those  animals  not  developing  patent 
infection.   IgG  antibodies  (studied  with  the  ELISA  technique)  were  similar 
for  the  two  groups,  and,  thus,  it  appears  that  the  anaphylactic  antibody 
response  may  have  an  important  protective  role  in  this  model  of  filarial 
infection  (Gusmao,  Ottesen). 

Schistosomiasis.   Continuing  work  on  a  collaborative  project  previously 
initiated  with  the  San  Juan  Laboratory  of  the  CDC  and  the  University  of 
Puerto  Rico  hns  defined  the  progressive  loss  of  parasite  antlgen-speclf ic 
cellular  Immune  responsiveness  (lymphocyte  transformation)  in  patients  with 
acute,  subacute,  and  chronic  schistosomiasis.   This  unresponsiveness  to 
parasite  antigens  may  play  a  role  in  allowing  the  parasite  to  persist 
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'unchallenged'  in  the  host,  and  the  mechanlams  underlying  it  are  being 
explored.   Currently,  it  appears  that  inhibitory  factors  can  be  identified 
both  in  the  serum  and  in  mononuclear  cell  populations  of  patients  with 
chronic  schistosomiasis.   The  nature  of  these  "modulating"  factors,  their 
interactions  and  functional  roles  in  vivo  are  under  study  (Ottesen) . 
Furthermore,  in  parallel  to  the  studies  of  cellular  immune  responses  in  these 
patients,  humoral  immunity  (serum  immunoglobulins  and  certain  specific, 
well  defined  antibodies)  also  has  been  shown  to  undergo  a  modulation  in 
responsiveness  which  depends  on  both  duration  and  intensity  of  Infection 
(Nash,  Cheever,  Ottesen).   Finally,  Immune  complexes  have  been  demonstrated 
in  high  titers  in  the  majority  of  patients  studied  with  acute  schistosomiasis 
while  the  finding  of  complexes  is  much  less  common  in  patients  with  chronic 
infection.   The  nature  of  these  complexes  and  their  role  in  the  pathogenesis 
of  the  acute  infection  syndrome  (Katayama  fever)  is  in  progress  (Lawley, 
Ottesen) . 

Eosinophils  in  the  host  response  to  helminths.   In  order  to  determine 
the  mechanisms  through  which  the  eosinophil  Interacts  with  its  environment. 
It  is  necessary  to  understand  the  nature  of  the  eosinophil  cell  membrane 
and  the  types  of  receptors  it  bears.   Studies  of  eosinophils  from  normal 
individuals  have  shown  that  while  about  30%  of  these  cells  bear  complement 
receptors  (for  both  C3b  and  C3d)  only  a  small  percentage  ('v5%)  have  demon- 
strable IgG  receptors.   These  values  are  markedly  lower  than  those  for 
neutrophils.   Individuals  with  eoslnophllia  associated  with  parasitic 
helminth  infections  have  increased  numbers  of  both  types  of  receptor-bearing 
eosinophils  in  their  circulation.   Studies  of  the  functional  significance 
of  these  receptors  have  shown  that  when  eosinophils  are  drawn  from  the  blood 
into  the  tissues  those  cells  bearing  IgG  and  complement  receptors  leave  first. 
Furthermore  the  adherence  of  eosinophils  to  schlstosomules  (presumably  a 
first  step  In  the  antl-schistosomule  cytotoxic  function  of  these  cells)  is 
effected  through  the  IgG  and  complement  receptors  on  the  surface  of  these 
cells  (Ottesen,  Cheever,  Nash,  Frank,  Gadek) .   Studies  of  the  biochemical 
changes  in  the  eosinophil  (enzyme  release)   and  in  the  schistosoraule 
(metabolic  alterations)  have  been  Initiated  to  define  more  precisely  the 
nature  of  this  Important  parasite  killing  function  of  eosinophilic 
leukocytes  (Catto,  Ottesen). 

Publications: 

Ottesen,  E.A,,  Weller,  I'.F.,  Heck,  L. :   Specific  Cellular  Immune  Unresponslve- 
nPHs  In  Hiinifin  KltnraHiH.   Immunology  (in  press). 

OttestMi,  E.A.,  Polndexter,  R.W. ,  Hlatt,  R.A. :   'Long-Distance'  Lymphocyte 
Study:   The  Effects  of  Transporting  Blood  on  Lymphocyte  Blastogenic 
Responses.   Clin.  Exp.  Immunol,  (in  press) 

Ottesen,  E.A.,  Stanley,  A.M.,  Gelfand,  J. A.,  Gadek,  J.E.,  Frank,  M.M. , 

Nash,  T.E.,  Cheever,  A.W. :   Immunoglobulin  and  Complement  Receptors  on 

Human  Eosinophils  and  Their  Role  in  Cellular  Adherence  to  Schlstosomules. 
Amer.  J.  Trop.  Med.  Hyg.   (in  press) 
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Ottesen,  E.A.,  Cohen,  S.G.:  The  Eosinophil,  Eosinophilia  and  Eosinophil- 
Related  Disorders;  in  Middleton,  E.,  Ellis,  E.  and  Reed,  C.E.  (eds.): 
Allergy;   Principles  and  Practice.   C.V.  Mosby  Co.  (in  press). 
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SUMMARY  OF  WORK  (200  words  or  Ici,:,  -  underline  keywords) 

During  the  past  year,  the  research  efforts  of  this  section  focused  on  Entamoeba 
histolytica  and  related  Entamoebae  in  the  following  areas:  1)  Development  of  a 
new  medium  for  the  axenic  cultivation  of  Entamoebae  and  the  study  of  amebal 
nutrition  in  axenic  culture,  2)  nutritional  immunity,  especially  the  role 
played  by  iron  in  the  production  of  lesions  in  experimental  animals  and  the 
manifestation  of  disease  in  human  subjects,  3)  evaluation  of  the  virulence 
potential  of  individuals  comprising  populations  of  amebae  (strains)  through 
st^udies  of  the  amebal  clones  in  the  Mattern-Kelster  neonatal  hamster  model, 
4)J  investigation  of  the  possible  role  of  the  viruses  of  E,   histolytica  in 
viVulence  conversion  of  the  amebae,  5)  investigation  of  "a   variety  of  parameters 
to,  improve  cryopreservatlon  of  J|.  histolytica  at  the  temperature  of  liquid 
nitrogen  vapor. 
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Names,  Laboratory  and  Institute  Affiliations,  Con't. 

B.  Sepulveda     Chief,  Investigations  and  Teaching        HG  CMN  MEX. 

Project  Description: 

Invfstigations  conducted  during  the  past  year  focused  once  again  on' 
Entamoeba  histolytica.   The  following  study  areas  received  special  attention: 
1)   nutrition  of  the  amebae  in  axenic  culture,  2)  nutritional  immunity, 
especially  the  role  played  by  iron  in  the  production  of  hepatic  lesions  in 
experimental  amebiasis  and  its  relation  to  amebic  disease  in  humans, 
3)  evaluation  of  the  virulence  potential  of  individuals  in  wild  ameba 
populations  (strains),  4)  the  possible  role  of  the  viruses  of  E^.  histolytica 
in  virulence  conversion  of  the  amebae,  and  5)  cryopreservation  of  the  amebae 
in  liquid  nitrogen  vapor. 

Panmede,  a  papain  digest  of  ox  liver,  which  is  an  essential  ingredient 
of  TP-S-1,  the  medium  currently  employed  for  the  axenic  cultivation  of 
E^.  histolytica  and  related  species,  has  been  replaced  by  yeast  extract 
supplemented  with  ferric  ammonium  citrate,  vitamin  B12,  thioctic  acid  and 
tween  80.   The  new  medium,  TYI-S-33,  incorporating  these  ingredients,  shows 
promlHf  of  ht'lnK  eqiiul  to  or  better  than  TP-S-1. 

To  date,  TYI-S-33  has  been  used  to  grow  13  strains  of  E.   histolytica, 
2  E.    histolytica-like  amebae,  3  E.    invadens,  1  E^.  terrepinae,  and  one 
strain  of  E^.  barreti  (?),  for  periods  ranging  from  4-8  months.   Its  ability 
to  serve  as  a  vehicle  for  axenization  of  E.   histolytica  has  been  demonstrated 
with  two  strains.   No  significant  differences  appear  to  exist  between  amebae 
grown  in  the  new  medium  and  TP-S-1  with  regard  to  1)  serving  as  a  source  of 
antigen  for  serodiagnostic  tests  in  immunological  studies,  2)  aerobic  metabol- 
ic studies,  and  3)  studies  of  virulence  potential.   A  preliminary  finding  of 
special  significance  is  the  observation  that  E^.  histolytica  grown  in  the  new 
medium  will  establish  in  culture  more  rapidly  after  cryopreservation  than 
when  grown  in  TP-S-1  medium. 

In  the-"  courso  of  the  above  investigation  growth  curves  have  been 
(li'Vf  1  opi'd  lor  Itciii,  Llihu-Lii-  acid,  and  tween  80.   Moreover,  it  has  biaMi 
sliown  that  tween  80,  which  has  been  previously  employed  as  a  solubillzer  in 
media  iiscil  for  y^rowin);  linLamoebae   is,  in  itself,  a  nutrient  for  _E.  histolytica. 
Future  studies  will  he  aimed  at  simplifying  TYI-S-33  through  the  development 
of  a  defined  replacement  for  serum  and  yeast  extract  (Diamond,  Harlow  and 
Cunnick) . 

"Nutritional  Immunity"  studies  initiated  last  year  were  continued  with 
rewarding,  results.   The  influence  of  iron  compounds  on  the  development  of 
hepatic  lesions  in  hamsters  produced  by  the  Intrahepatic  inoculation  of  a 
virulent  strain  of  axenically  cultivated  E.    histolytica  was  investigated  in 
two  ways:   1)  Iron  in  the  form  of  ferric  ammonium  citrate  and  ferrous  gluconate 
was  administered  intraperitoneally  to  young  adult  hamsters  in  three  divided 
doses:  24  hours  before,  on  the  day  of,  and  24  hours  after  inoculation  with 
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amebae.   Depending  on  the  experiment,  some  controls  received  no  injection  of 
any  kind,  others  received  distilled  water  and  some  received  ammonium  citrate 
or  glucose  in  a  concentration  equivalent  to  that  present  in  the  corresponding 
iron  compound  employed.   All  animals  were  killed  and  autopsied  14  days  after 
inoculation  with  amebae.   2)  Iron  as  ferrous  gluconate  was  added  to  a  standard 
animal  diet  and  fed  ad  libidum,  according  to  the  following  schedule:  A)  Iron 
supplemented  diet  for  7  days  followed  by  a  normal  diet  for  14  days,  B)  Iron 
supplemented  diet  for  14  days  followed  by  a  normal  diet  for  7  days.   Controls 
were  fed  normal  diets  for  21  days.   All  hamsters  were  inoculated  with  amebae 
on  the  eighth  day  and  killed  on  the  21st  day.   Regardless  of  the  form  or 
manner  in  which  the  iron  was  administered,  the  incidence  of  lesions  and  the 
mean  lesion  score  for  groups  of  animals  receiving  an  iron  supplement  was 
significantly  greater  in  all  cases,  than  those  which  did  not  receive  iron. 

At  present,  the  mechanism  by  which  iron  enhances  the  development  of  amebic 
lesions  Is  not  understood.   Studies  of  the  iron  content  of  serum  in  uninfected 
liamslors  fed  an  Iron  supplemented  diet  for  21  days  Indicated  that  the  serum 
Iron  concentration  was  significantly  elevated  at  14  days,  and  slightly  less 
elevated  by  the  21st  day.   These  findings  are  reflected  in  studies  with 
infected  animals  where  the  incidence  of  infection  and  the  mean  lesion  score 
was  significantly  greater  for  groups  of  hamsters  fed  iron  supplements  for 
14  days  than  for  those  fed  iron  for  7  days.   On  the  other  hand,  reports  in 
the  literature  indicate  that  while  bacterial  infections  in  experimental 
animals  are  enhanced  by  parenteral  administration  of  iron,  no  enhancement  is 
noted  following  administration  of  iron  per  os.   A  different  mechanism  may  be 
operative  in  the  enhancement  of  the  amebal  lesion  by  iron.  (Diamond,  Harlow, 
Phillips,  Keister). 

For  a  variety  of  reasons,  neither  the  adult  hamster  model  nor  the 
recently  developed  Mattern-Keister  neonatal  hamster  model  readily  lends  itself 
to  the  study  of  nutritional  immunity  in  amebic  disease.   Therefore,  a  new 
model  Is  being  developed  in  which  recently  weaned  hamsters  receive  an  intra- 
lifpailc  lr.(n-ul/il  Ion  of  amebae  through  the  abdominal  wall,  without  laparotomy, 
DHL-  In  Lwo  wt'i'ka  alter  the  animals  begin  eating  supplemented  or  deficient 
diets.   The  animals  are  killed  at  appropriate  intervals  and  the  incidence  and 
severity  of  lesions  is  determined  (Diamond  and  Keister), 

At  the  Centro  des  Estudios  sobre  Amibiasis  located  in  Mexico  City,  we 
have  studied  the  iron  content  and  total  iron  binding  capacity  (TIBC)  of  sera 
collected  from  20  cases  of  hepatic  amebic  abscess.   In  general,  both  of  these 
parameters  were  found  to  be  lower  than  those  observed  in  healthy  controls. 
The  low  serum  iron  content  is  not  unexpected  in  view  of  the  fact  that,  one  of 
the  body's  mechanisms  of  defense  following  exposure  to  an  infectious  agent  is 
to  deprive  the  invader  of  a  source  of  iron  by  reducing  the  iron  content  of 
serum.   The  low  TIBC  is  unexpected  as  the  patients  involved  are  not  suffering 
from  protein  deficiency  and  therefore,  their  sera  would  be  expected  to  contain 
the  normal  amount  of  transferrin.   Studies  are  now  underway  to  determine  by 
more  refined  and  direct  methods  the  concentrations  of  transferrin  and  ferritin. 
It  may  be  that  amebae  obtain  iron  directly  from  these  sources  (Diamond, 
Sepulvcda,  Landa,  and  Pizzuto) . 
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Us  in,.  .-.  scnslLivr  i,U  ralu-patic  Li-st  t  Or  ainoba   vlrulencP  In  the 
hamster,  the-  virulence  and  the  stability  of  virulence  of  clones  of  E. 
histolytica  generated  by  mlcroisolation  in  TP-S-1  medium  has  been  evaluated. 
The  wild  strain,  HK-9,  has  increased  in  virulence  during  the  past  year  and 
the  virulence  of  10  HK-9  clones  is  divided  equally  between  relatively 
avirulent  and  as  virulent  as  the  wild  strain   The  virulence  ^^^^e  wxld 
strain,  HB-301:NIH,  has  declined  significantly,  but  the  5  "B-301.NIH  clones 
have  mkntained  virulence  nearly  equivalent  to  that  originally  exhibited  by 
the  wild  strain.   The  virulence  of  the  wild  strain,  HM-1:IMSS,  has  been 
stable  and  of  lA  clones  tested,  all  were  found  to  be  1-2  orders  of  magnitude 
less  virulent  than  the  wild  strain. 

A  cloning  technique  developed  by  F.  Glllin,  utilizing  agar  and  a  new 
growth  medium  (TYI-S-33) ,  provided  an  opportunity  to  evaluate  the  virulence  ot 
clones  isolated  by  a  different  method.   12  clones  derived  by  this  method  from 
the  wild  strain,  HM-1:IMSS,  were  found  to  be  as  virulent  as  the  wild  strain 
when  inoculated  into  hamster  liver. 

It  is  suspected  that  the  variations  in  virulence  seen  among  the  clones 
of  amebae  derived  from  and  maintained  in  TP-S-1  medium  may  have  resulted 
from  selection  pressure  stemming  from  some  aspect  of  the  mlcroisolation 
cloning  process,  the  period  of  time  in  culture  prior  to  testing,  and/or  the 
unavoidable  variation  in  the  composition  of  Panmede,  an  essential  ingredient 
in  TP-S-1  medium  (Mattern,  Keister,  Gillin,  and  Diamond).  1 

To  evaluate  the  possible  role  of  ameba  viruses  in  virulence  conversion 
of  E.  histolytica,  viruses  obtained  from  four  wild  strains  of  amebae  were 
used' to  infect  cultures  of  the  relatively  avirulent  HK-9  amebae.   The  amebae 
surviving  the  infections  were  allowed  to  establish  in  culture  and  were  tested 
In  hamster  liver  for  virulence. 

Amebae  that  survived  infection  with  virus  obtained  from  ameba  strain 
HM-1:IMSS,  the  most  virulent  strain,  were  found  to  be  moderately  virulent  for 
hamster  liver.   Infection  of  amebae  by  virus  obtained  from  strain  H-458:CDC, 
the  second  most  virulent  strain,  yielded  a  population  of  avirulent  amebae. 
When  virus  from  a  moderately  virulent  ameba  strain,  HB-301:NIH,  was  used  to 
infect  HK-9  amebae,  the  virulence  of  the  surviving  population  was  increased. 
Lastly,  when  virus  from  the  avirulent  strain  HI-1295:AIIMS  (H-1295)  was  used, 
liu'  survlvinK  amc-h.ic  weri'  as  virulent  as  those  that  had  survived  infection 
with  virus  obtained  I rom  Llie  most  virulent  amebal  strain,  HM-l:iMSS.   When 
rlnnoH  of  HK-9  were  infected  with  virus  from  strain  HI-1295:ATIMS,  the 
Hurvlvor  popuintlona  showed  n   similar  increase  in  virulence.   One  of  these 
culturuM  was  aubjucted  Lo  a  aecond  infection  with  virus  from  HB-30i:NlH  and 
H-Ab8:Cl){;.   l5otli  survivor  populations  were  less  virulent. 

Virus  from  strain  HM-1:IMSS  was  used  to  infect  a  moderately  virulent 
strain,  Rahman  and  an  avirulent  strain,  HI-1295 :AI1MS.   The  survivor  cultures 
that  resulted  were  not  increased  in  virulence  as  had  been  shown  for  strain 
HK-9. 
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From  these  observations  it  has  been  concluded  that  changes  in  virulence 
of  populations  of  araebae  surviving  virus  infection  is  due  to  selection  of 
resistent  subpopulations,  as  there  does  not  seem  to  be  a  distinct  pattern 
to  suggest  virulence  conversion.   (Mattern,  Kelster  and  Diamond). 

The  two  methods  described  in  the  literature  for  the  cryopreservation  of 
E.  histolytica  at  the  temperature  of  liquid  nitrogen  vapor,  fall  far  short 
of  being  ideal.   Neither  affords  recovery  of  more  than  a  few  percent  of  the 
organisms  frozen.   Moreover,  only  a  relatively  few  strains  can  be  preserved 
by  either  method.   For  this  reason,  the  investigation  of  the  conditions 
iiPceHsnry  Tor  freeze  preservation  of  E.  histolytica  has  been  resumed.   The 
cooling  curve  in   being  modified,  the  effects  of  various  cryoprotective  and 
nicnibrano  Htablll^lng  agents  are  being  studied,  and  the  recovery  process, 
wlilch  Involves  changing  the  thawing  temperature,  composition  of  the  recovery 
medium,  and  the  final   cell  dilution  is  being  investigated  (Diamond,  Daggett, 
Glllin,  McGrath,  and  Kelster). 
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marily to  two  projects:   (1)  Preparation  of  data  on  completed  research  on  the 
isoenzyme,  lactate  dehydrogenase-x  for  presentation  at  the  Twenty-fifth  Annual 
Meeting  of  the  American  Society  of  Tropical  Medicine  and  Hygiene,  November  1977 
and  (2)  Completion  of  research  on  the  isolation  of  Trypanosoma  cruzi 
trypomastigotes  from  the  blood  of  infected  mice.   Recovery  rates  with  our 
method  of  separation  were  significantly  higher  than  with  methods  employed  by 
other  workers.   In  October  1977,  she  began  a  year  of  sabbatical  leave  at  the 
University  of  California,  San  Diego,  to  pursue  studies  in  the  fields  of  blologl-j 
cal  membranes  and  electron  microscopy  (Drs.  Fortes  and  Farnsworth,  Department 
of  Biology).   This  training  and  research  experience  will  provide  a  broader 
background  for  her  work  on  Trypanosoma  cruzi  and  on  the  pathological  physiology 
of  parasitic  diseases. 
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Techniques  and  results  related  to  the  LDH-X  work  and  the  Isolation  of 
trypomastigotea  from  blood  were  described  in  last  year's  report.  We  had 
been  unsuccessful  in  isolating  trypomastigotes  from  blood  when  using 
techniques  employed  by  other  workers.   However,  with  a  method  developed  in 
our  laboratory  employing  density  gradient  centrifugation  with  lymphoprep 
(Nyegaard  &  Co.,  Oslo,  Norway)  and  column  chromatography   (DBAE  Cellulose) 
recovery  rates  as  high  as  95%  were  obtained  and  the  pellets  were  free  of 
contaminating  white  cells  and  platelets. 

Research  on  biological  membranes  conducted  in  Dr.  Fortes'  laboratory 
(University  of  California)  is  related  mainly  to  red  cell  membranes  and  the 
use  of  fluorescent  probes  in  the  study  of  structure  and  function.   My  intro- 
duction to  the  work  in  this  field  has  been  primarily  related  to  anion 
transport  and  the  isolation  of  a  protein  involved  In  this  red  cell  function. 
(Wolosin,  J.M. ,  Ginsburg,  H.,  and  Cabantchik,  Z.I.  1977.  J.  Biol  Chem. ,  252; 
2419-2427).   The  red  cell  membranes  were  obtained  employing  a  special 
technique  for  hemolysis  of  the  cells  (Dodge,  J.T.,  Mitchell,  C,  and 
Hanahan,  D.J.  1963.   Arch.  Biochem.  Biophys.,  100:  119-130)  and  final  isola- 
tion and  identification  of  the  protein  was  made  employing  biochemical 
techniques  and  electrophoretic  analysis  of  the  processed  membranes 
(Fairbanks,  G. ,  Steck,  T.L.,  and  Wallach,  D.F.H.  1971.   Biochemistry  10; 
2606-2617).   The  membranes  were  sonicated  and  the  resulting  vesicles  were 
used  in  transport  studies  employing  radioactive  sulfate.   Samples  of  the 
isolated  membranes  as  well  as  of  intact  red  cells  were  used  also  during  the 
training  in  electron  microscopic  techniques.   They  were  processed  according 
to  standard  methods  and  the  sections  were  stained,  scanned  and  photographed. 

The  sabbatical  training  will  be  continued  during  part  of  fiscal  year 
1978.   Further  training  will  be  obtained  on  the  use  of  fluorescent  probes 
and  transport  studies  employing  red  cell  membranes  and  if  time  permits, 
plasma  membranes  from  a  non- infective  strain  of  trypanosomes. 

I 
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As  part  of  a  broad  program  to  study  aerobic  energy  metabolism  in  parasites  and 
mammals,  current  interest  is  focused  on  the  role  of  flavoproteins  as  electron 
carriers  in  the  respiratory  chain  of  Entamoeba  histolytica.   Flavins  were 
identified  by  difference  and  fluorescent  spectrophotometry;  oxygen  consumption 
was  determined  polarographically.   Acid  extracts  of  sonicated  ameba  revealed 
a  flavin  content  of  0.10  ymoles  per  gm  of  protein.   Extracts  of  the  respiratory 
enzyme  NADPH  oxidase  (diaphorase)  had  a  flavin  content  of  0.60  pmoles  per  gm 
protein.   A  unique  feature  of  the  amebal  flavin  is  that  virtually  all  of  it  is 
acid-extractable,  whereas  in  higher  organisms  substantial  portions  of  the  fla- 
vin remain  bound  to  the  acid-extracted  residue.   These  findings,  together  with 
our  previous  data,  show  that  the  diaphorase  contains  6  moles  of  non-heme  iron, 
6  moles  of  acid-labile  sulfide  and  1  mole  of  flavin  per  gm  protein.   Mammalian 
studies  initiated  this  year  included  a  collaborative  investigation  on  the 
effect  of  inti^ibitors  of  oxidative  phosphorylation  on  the  release  reaction  in 
bovine  adrenal  medulla  chromaffin  granules.   This  Work  supports  the  hypothesis 
that  such  uncouplers  act  as  proton  ionophores ,  and  contribute  significantly  to 
our  knowledge  of  bioenergetics.  p  ^  ^ . 
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Project  Description; 

The  object  of  this  project  Is  to  conduct  fundamental  studies  on  the 
mechanism  of  aerobic  energy  metabolism  In  mammalian  and  parasitic  organisms. 
Currently,  these  studies  center  primarily  on  mechanisms  of  terminal  electron 
transfer  reactions  and  oxidative  phosphorylation. 

Tissues  and  cells  are  disrupted  mechanically  and  subcellular  fractions 
are  isolated  by  dlffiTentlal  and  gradient  centrifugations.   Cellular  and  sub- 
cellular cdnstituentH,  L-nzymatlc  activities,  and  metabolic  pathways  are 
determined,  t  linrncter Ized  and  elucidated  by  enzymatic,  chemical,  radiochemical 
and  physical  methods.   Changes  in  oxygen  concentration  are  determined 
polarographlcally  with  the  Clark  oxygen  electrode. 

Parasite  studies:   Continued  investigation  of  the  respiratory  chain  in 
Entamoeba  histolytica,  strain  HK-9,  cultivated  axenically  in  Diamond's 
liquid  medium,  was  focused  primarily  on  the  f lavoproteins.   Acid  extracts  of 
sonicated  trophozoites  had  a  flavin  content  of  0.103  —  0.032  vjmoles  per  gm 
protein.   Extracts  of  the  respiratory  enzyme,  NADPH  oxidase  (diaphorase) , 
had  a  flavin  content  of  0.60  ymoles  per  gra  protein,  illustrating  the  enrich- 
ment of  flavin  in  the  purified  enzyme  (Claggett).  A  unique  feature  of  the 
amebal  flavin  is  that  virtually  all  of  it  is  acld-extractable,  whereas  in 
higher  organisms,  a  substantial  portion  remains  bound  to  the  acid-extracted 
residue.   The  amebal  flavin  Is  readily  detached  from  the  apoenzyme  by  passing 
the  diaphorase  through  a  hydroxyapatite  column.   Addition  of  either  flavonu- 
cleotlde,  FAD  or  FMN,  was  effective  in  restoring  enzymatic  activity  after 
such  treatment  (Takeuchl).   These  findings,  together  with  our  previous  data, 
show  that  the  diaphorase  contains  6  ymoles  of  non-heme  iron,  6  umoles  of 
acid-labile  sulfide  and  1  umole  of  flavin  per  gm  protein.   Data  also  has 
been  adduced  with  inhibitors  that  the  flavoprotelns  are  functional  in  E^. 
hiatolyt Icn.   It  1h  evident  that  the  iron-sulfur  centers  and  flavoprotelns 
art-  Intimately  aHautlated  In  the  respiratory  chain  of  E.   histolytica  (Kon). 
Flavoprotelns,  and  Iron-sulfur  proteins  are  the  principal  known  electron 
carriers  In  these  amcbae. 

Mammalian  studies:   A  study  of  bloenergetlc  phenomena  in  bovine 
adrenal  gland  chromaffin  granules  was  initiated  this  year  in  collaboration 
with  Dr.  Pazoles,  NIAMDD.   These  granules  release  their  contents  when 
exposed  to  ATP,  Mg  2''"  and  high  concentrations  of  chloride.   The  specific 
mechanism  by  which  ATP  promotes  chloride  transport  is  poorly  understood.   The 
granules  contain  a  Mg-activated  ATPase  and  by  pumping  protons  into  the 
granules  this  enzyme  may  provide  an  electrochemical  driving  force.   The 
chromaffin  granules  also  possess  an  electron  transport  chain  which  could  be 
Involved  in  the  release  reaction.   These  attributes  of  the  granules  are 
analogous  to  those  of  mitochondria,  and  we  have  investigated  the  possible 
roles  of  ATPase  and  electron  transport  in  the  release  reaction  by  studying 
the  effects  of  mitochondrial  uncouplers  and  inhibitors.   The  mitochondrial 
Inliibitor.'i  o1  I  K.oiny.' I  n  ,  .iii  t  Iniyc  I  n,  and  rotenone  had  no  offort,  wliercas  t  tie 
uncouplerH  ITFU,  I'Cl',  DNI',  (ind  FCCP  ware  potent  luhlbltorN  of  t  hu  release 
reaction.   Sl^-nl  lUani  ly,  the  uncouplers  were  effective  at  the  same  concentra- 
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tion   at  which  they  uncouple  oxidative  phosphorylation  in  mitochondria. 
These  findings  suggest  that  mitochondrial  uncouplers  act  as  proton  ionophores, 
and  may  inhibit  the  release  of  chromaffin  granules  by  interacting  directly 
with  the  chloride  transport  site  of  the  granule  membrane. 

This  investigation,  which  attempts  to  elucidate  vital  biochemical 
mechanisms  common  to  all  aerobic  cells,  has  obvious  implications  for 
biochemical  research  in  general  (illustrated  again  this  year  by  the  above 
described  collaborative  project),  and  provides  a  rational  basis  for  under- 
standing bioenergetic  problems  associated  with  parasites  and  parasitism. 

The  parasite  studies  will  be  continued  with  emphasis  on  attempting  to 
elucidate  the  complex  molecular  organization  of  the  f lavoproteins  and  iron- 
sulfur  proteins  which  operate  as  electron  carriers  in  E^.  histolytica. 
Studies  of  the  ubiquinones  in  the  ameba  will  be  initiated  in  our  continuing 
search  for  the  physiological  electron  transport  carriers  in  this  parasite. 
Dr.  Takeuchi,  who  has  rejoined  our  group  in  June,  will  complete  his  studies 
on  pyruvate  oxidase  and  collaborate  in  the  flavin-iron-sulfur  protein 
investigations.   He  also  will  broaden  his  studies  to  include  other  parasitic 
protozoa.   The  mammalian  work  will  be  continued  with  primary  emphasis  on 
the  role  of  uncouplers  of  oxidative  phosphorylation  as  proton  ionophores  with 
the  bovine  adrenal  chromaffin  granules.   We  also  will  study  the  effect  of 
the  anion  channel  blockers  of  the  release  reaction  of  these  granules  on 
mitochondria.   By  this  reciprocal  type  investigation,  clarification  of  the 
role  of  electrochemical  gradients  in  bioenergetic  phenomena  in  biological 
membranes  may  be  accomplished. 

Publications : 

Weinbach,  E.G.,  Harlow,  D.R.,  Claggett,  C.E.  and  Diamond,  L.S.:   Entamoeba 
histolytica:  Diapliorase  activities.   Exp.  Parasitol.  41:  186-197  (1977) 

Weinbach,  E.G.,  Harlow,  D.R.,  Takeuchi,  T.,  Diamond,  L.S.,  Claggett,  C.E. 
and  Kon,  H. :   Aerobic  metabolism  of  Entamoeba  histolytica:   Facts  and 
fallacies.   In  Proceedings  of  the  International  Conference  on  Amebiasis, 
Mexico  City,  1975  (B.  Sepulveda  and  L.S.  Diamond,  Eds.),  pp.  184-197. 
Instituto  Mexicano  del  Seguro  Social,  Mexico  City. 

T.  Takeuchi,  T.,  Weinbach,  E.G.  and  Diamond,  L.S.:   Entamoeba  histolytica: 
Localization  and  Characterization  of  Phosphorylase  and  Particulate  Glygogen. 
Exp.  Parasitol.  (in  press). 

Takeuchi,  T.,  Weinbach,  E.G.  and  Diamond,  L.S.:   Entamoeba  histolytica: 
Localization  and  Characterization  of  Phosphoglucomutase,  Uridine  Diphosphate 
Glucose  Pyrophosphorylase  and  Glycogen  Synthase.   Exp.  Parasitol.  (In  press) 
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The  biophysical  parasitology  program  has  two  major  objectives:   (1)   To 
elucidate  and  attempt  to  understand  the  basic  physical /chemical  parameters 
responsible  for  obligate  intracellular  parasitism.   More  specifically,  the 
program  is  restricted  to  studies  of  obligate  intracellular  protozoan  parasites 
of  medica]  importance,   (2)   To  develop  unique,  primarily  electro-optical, 
instrumentation  to  facilitate  the  study  of  obligate  intracellular  parasitism. 
Parallel  studies  are  also  in  progress  to  apply  the  instrumentation  developed 
with  the  program  to  other  areas  of  biomedical  research. 

1.   The  interaction  of  Trypanosoma  cruzi  with  vertebrate  cells. 

A.   A  mathematical  analysis  of  the  penetration  phase. 

It  was  previously  established  that  the  distribution  of  a  population  of 
parasites  among  a  population  of  host  cells  is  best  described  by  a  negative 
binomial  equation.   The  obvious  first  property  of  this  distribution  is  that 
when  a  population  of  vertebrate  cells  is  exposed  to  a  population  of  parasites, 
more  uninfected  cells  and  more  multiply  infected  cells  will  be  found  than 
would  be  predicted  if  the  distribution  were  normally  dispersed.   The  paraKf- 
tological  significance  of  the  two  parameters,  p  and  k,  of  the  negative  binomial 
distribution  has  not  been  determined.   However,  under  proper  experimental  con- 
ditions it  can  be  shown  that  the  mean  number  of  parasites/cell  is  related 
logarithmically  to  the  concentration  of  parasites  to  which  the  host  cells  are 
exposed.   In  addition,  the  relationship  between  the  p  of  the  individual  distri- 
butions and  parasite  concentrations  is,  as  would  be  predicted,  a  hyperbolic 
function  indicating  saturation  kinetics.   Consequently,  the  concept  that  the 
p  parameter  may  be  a  measure  of  the  infection  pressure  is  feasible.   Thus,  p 
appears  to  be  a  descriptor  of  the  parasite  population  and  the  major  determi- 
nant of  the  shape  of  the  negative  binomial  distribution.   A  mathematical  model 
has  been  constructed  which  allows  an  independent  estimate  of  the  p  parameter 
irrespective  of  host  cell  type.   Although  the  resulting  values  to  date  have 
been  underestimates  of  the  actual  values,  it  is  anticipated  that  this  problem 
can  be  corrected. 

A  definition  of  the  k  parameter  of  the  negative  binomial  distribution  is 
not  yet  established.   Apparently,  it  is  a  scale  parameter  modulated  by  the  host 
cells  or  milieu  or  both.   All  attempts  at  modeling  or  predicting  this  parameter 
have  failed.   However,  once  it  is  possible  to  model  both  the  p  and  k  parameters 
of  the  distribution,  one  of  the  major  problems  involved  in  studies  of  the  pene- 
tration of  vertebrate  cells  by  T^.  cruzi  and,  possibly,  other  obligate  intracel- 
lular parasite  will  be  solved.   This  will  allow  for  a  correction  in  "system 
efficiency"  or  interexperiment  variability  and  make  studies  of  the  mechanism(s) 
responsible  for  penetration  (i.e.  receptors,  extracellular  factors)  more 
feasible. 
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B.  Visualization  of  host  cell  penetration  by  T.  cruzl  trypomastigotes. 

Once  a  trypomastigote  contacts  a  potential  host  cell  it  is  faced  with 
the  challenge  of  entering  the  cell  to  begin  another  reproductive  cycle. 
Excluding  defensive  cells  which  inherently  possess  the  capability  of  phagocy- 
tizing  the  parasite,  the  major  concern  is  how  a  nonphagocytic  cell  becomes 
infected.   Two  mechanisms  have  been  proposed.   One  view  proposes  that  phagocy- 
tosis is  the  sole  mechanism  of  uptake  of  parasites  even  by  "nonprofessional" 
phagocytes.   This  conclusion  is  based  primarily  upon  ultrastructural  analysis.! 
There  are  two  major  problems  associated  with  this  approach.  First,  is  the 
problem  of  image  interpretation.   For  example,  motile  trypomastigotes  move 
into  the  space  between  a  vertebrate  cell  and  the  substrate  upon  which  the  cell 
resides.   The  thickness  of  this  space  varies  from  45  to  138  nm.   The  mean 
diameter  of  the  body  of  a  trypomastigote  excluding  the  undulating  membrane  is 
about  1.15  urn  or  1.15  X  10-^  nm.   Consequently,  deformation  of  the  host  cell 
cyLuplaHmlc  membrane  muHt  occur  to  accommodate  a  trypomastigote  in  this  space 
and  the  deformed  membranL-  will  be  in  close  apposition  to  the  parasite.   In 
ultrathin  sections,  this  zone  could  easily  be  misinterpreted  as  phagocytosis 
by  the  vertebrate  cell.   A  second  problem  associated  with  the  view  that  phago- 
cytosis is  the  sole  mechanism  for  a  trypomastigote  to  enter  a  vertebrate  cell 
is  the  inability  to  correlate  it  with  in  vivo  infection.   For  example,  a 
myotropic  strain  of  T_.  cruzi  is  so  designated  because  of  its  predilection  for 
striated  muscle  cells.   However,  there  are  no  data  indicating  that  fully  dif- 
ferentiated and  functional  striated  muscle  cells  associated  in  a  muscle  bundle 
are  capable  of  phagocytosis. 

An  alternate  view  states  that  trypomastigotes  actively  penetrate 
nonphagocytic  cells.   Recent  developments  in  instrumentation  which  penult 
continuous  observation  of  the  host  cell-parasite  interface  provide  evidence 
which  supports  this  view.   It  can  be  shown  that  once  a  trypomastigote  Is 
fiitiiatpd  In  the  rr-plon  between  the  host  cell  and  the  substrate,  the  tip  of 
Lhf  |j.irasl  ti'.'i  r  l.ij'.fl  hini  Js  usod  to  "probe"  thr  vertehrate  cell   membrane. 
(Jenerally,  near  a  site  of  rlonesr  apposition  of  the  host  cell  to  the  substrate, 
the  entire  free  length  of  the  flagellum  is  pushed  into  the  membrane.   Move- 
ments of  the  body  and  undulating  membrane  of  the  parasite  provide  thrust. 
Tlie  parasite  may  stay  in  this  general  position  for  several  minutes.   The 
flagellum  Is  still  host  cell  membrane-bound  and  restricted  in  its  movements. 
Suddenly,  however,  the  flagellum  gains  unrestricted  access  to  the  interior 
of  the  cell  and  the  body  of  the  parasite  is  rapidly  interiorized  aided  by 
movements  of  the  undulating  membrane  and  the  flagellum  which  is  free  to  move 
in  the  host  cell  cytoplasm.   The  exact  mechanism  at  this  stage  is  not  yet 
clear.   However,  it  appears  analogous  to  the  insertion  of  a  microneedle  into 
a  cell.   There  are  many  questions  remaining  such  as  the  effects,  if  any,  of 
chemical  or  electrical  forces.   However,  a  useful  model  has  evolved  which 
does  not  require  the  invocation  of  unique  or  unusual  biological  mechanisms. 

II.   Malaria  Research  i 

Close  collaboration  between  this  laboratory  and  the  Malaria  Section 
continues  in  an  effort  to  define  basic  cellular  aspects  of  malaria.  Primary 

620 


ZOl  AI  00099-07  LPD 

emphasis  currently  is  directed  toward  the  development  or  continuous  in  vitro 
culture  systems  (See  report  of  L.  H.  Miller  for  details). 

Significance  and  Proposed  Course  of  Program: 

(1)  The  study  of  host-parasite  interactions  at  the  cellular  and  subcel- 
lular level  is  a  topic  of  critical  importance.   The  outcome  of  this  interaction 
directly  influences  the  physiologic  state  and  survival  potential  of  both  the 
host  and  the  parasite. 

(2)  The  methodology  and  research  philosophy  being  developed  are  directly 
applicable  to  other  areas  of  biomedical  research.   For  example,  the  controlled- 
environment  culture  system  developed  with  this  program  is  now  in  routine  use 

in  laboratories  with  such  diverse  interests  as  oncology,  immunology,  neuro- 
physiology and  morphogenesis.   The  video  systems  developed  with  this  program 
are  being  used  for  analysis  of  macroscopic  as  well  as  microscopic  Images  in 
basic  research  and  diagnostic  clinical-medical  fields. 

Research  will  continue  in  an  attempt  to  further  our  understanding  of  the 
interaction  of  T.  cruzi  with  vertebrate  cells  jLn  vitro  and  relate  this  infor- 
mation to  the  course  of  Chagas'  disease  in  nature.   Basic  information  obtained 
with  the  controlled-environment  culture  system  and  video  systems  will  be 
utilized  in  more  complex  in  vitro  model  systems. 

The  basic  methodology  and  research  philosophy  developed  with  this  program 
will  be  used  for  the  analysis  of  other  host-parasite  Interactions.  Most  speci- 
fically, studies  of  the  interaction  between  malaria  merozoites  and  erythrocytes 
will  be  continued. 

Publications: 

Dvorak,,  J. A. ,  Schuette,  W.H. ,  and  Whitehouse,  W.C:   The  application  of  low 
light  level  video  techniques  to  biomedical  research.   Optical  Engineering 
SPIE  78:   155-106,  1976. 

Fox,  C.H.,  Dvorak,  J. A.,  and  Sanford,  K.K. :   Cytometric  analysis  of  neoplastic 
transfopnation  of  vertebrate  cell  populations.   Cancer  Research  36:   1556-1561, 
1976. 

Miller,  1,.H.,  ShirolshI,  T. ,  and  Dvorak,  J. A.:   Enzymatic  modification  of  the 
erythrocyte  membrane  surface  and  its  effect  on  malaria  merozolte  invasion. 
J.  Mol.  Med.  1:   55-63,  1975. 

Dvorak,  J.A. :   A  new  in  vitro  approach  to  quantitative  studies  of  Trypanosoma 
cruzi.   Proceeding  of  the  International  Symposium  on  New  Approaches  in  American 
Trypanosomiasis.   PAHO,  Scientific  Publication  No.  318:   109-120,  1976. 
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Dvorak,  J. A.  and  Howe,  C.L.:   The  attraction  of  Trypanosoma  cruzl  to  vertebrate 
cells  in  vitro.   J.  Protozool .   23:   53A-537,  1976. 

Dvorak,  J. A.  and  Howe,  C.L.:   Tlie  effects  of  Lampit  (Bayer  2502)  on  the 
Interaction  of  Trypanosoma  cruzl  with  vertebrate  cells  in  vitro.   Am.  J. 
Trop.  Med.  Hyg.  26:   58-63,  1977. 

Dvorak,  J. A.  and  Howe,  C.L. :   Toxoplasma  gondJi-vertebrate  cell  interactions. 
I.   The  influence  of  bicarbonate  ion,  CO2,  pH  and  host  cell  age  on  the  invasion 
of  vertebrate  cells  in  vitro.   J^.  Protozool.   (In  press)  . 

Dvorak,  J. A.:  Host-parasite  relationships  at  the  cellular  level  in  Trypano- 
soma cruzi  Infections.  Symposium  on  Chagas'  disease.  Proceeding  of  the  Vth 
international  Congress  of  Protozoology.  (In  press) . 

Dvorak,  J.A. :   Letter  to  the  editor  of  The  Journal  of  Protozoology. 
J^.  Protozool.     (In  press)  . 

Mason,  S.J.,  Miller,  L.H.,  Shiroishi,  T.,  Dvorak,  J.A.,  and  McGinniss,  M.H, : 
The  duffy  blood  group  determinants:   Their  role  in  the  susceptibility  of  human 
and  animal  erythrocytes  to  Plasmdolum  knowlesi  malaria.   British  J^.  Hematol. 
(In  press) . 
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antigen  was  detected  in  the  plasma  of  mice  acutely  infected  with  T_.    cruzi. 
Present  and  future  work  includes:  1)  further  chemical  analysis  of  these  carbo- 
hydrates; 2)  study  of  the  relationship  of  these  carbohydrates  with  other  com- 
ponents of  the  cell  surfnce  and  membrane;  and  3)  study  of  the  physiological 
HignlCicaiice  of  these  molecules  and  their  possible  role  in  the  infections 
process.  The  mechanism  of  hexoae  transport  in  Leishroania  tropica  is  being  stud- 
led.  In  particular  a  phosphorylating  activity  which  may  be~involved  is  studied. 
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riif  stuillfs  suiiim;irlzc(l  hore  were  Initiated  to  characterize  polysaccha- 
ride coiiHtltiieiit  s  or  riajiollatt"  protozoa  of  the  family  Trypanosomatldae. 
Investigations  have  heen  cfirried  out  to  determine  the  chemical  composition 
and  intracellular  localization  of  the  carbohydrate  isolated  from  the  mono- 
genetic  insect  trypanosomatid  Crlthldia  fasciculata  and  from  the  human 
pathogen  Trypanosoma  cruzl.   These  studies  have  indicated  that  the  poly- 
saccharide are  a  constituent  of  the  surface  membrane  of  these  cells. 

As  an  extension  of  our  interest  in  the  membrane  of  these  protozoa  an 
investigation  of  sugar  transport  phenomena  in  Leiahmania  tropica  was  started 
with  Drs.  S.  Roseman  and  N.  Meadow. 

Crlthidia  fasciculata;   In  addition  to  a  raannan,  an  arabinogalactan  has 
been  isolated  from  phenol-water  extracts  of  this  organism.   Antibodies 
specific  for  this  polysaccharide  have  been  produced  in  rabbits.   The  locali- 
zation of  the  arabinogalactan  at  the  cell  surface  was  demonstrated  using 
cell  agglutination  techniques  as  well  as  immunocytochemlcal  procedures  with 
fluorescein  and  ferritin  conjugated  antibodies. 

Analogous  to  the  serotyping  of  yeast  based  on  cell  wall  mannans,  we 
have  initiated  a  study  to  determine  of  the  relationships  between  the 
morphologically  similar  species  of  the  genus  Crlthidia  based  on  polysaccha- 
ride analysis. 

Trypanosoma  cruzl:  Antisera  was  prepared  in  rabbits  immunized  with  a 
carbohydrate  containing  fraction  of  epimastigotes.  Precipitating  antibodies 
in  the  antisera  were  detected  by  various  gel  diffusion  and  electrophoretic 
techniques,  to  two  electrophoretically  distinct  fractions.  Both  fractions 
were  negatively  charged  at  pH  8.0.   The  antigenic  activities  of  both  frac- 
tions were  resistant  to  protease  and  nucleases  as  well  as  to  boiling;  and 
both  activities  were  sensitive  to  sodium  metaperiodate.   These  characteris- 
tics suggest  their  carbohydrate  nature.   However,  only  one  of  the  fractions 
reacted  with  the  anthrone  and  periodic  acid  Schiff  reagents.   This  fraction 
was  further  distinguished  by  the  precipitation  reaction  with  the  plant 
lectin  concanavalln  A  (Con  A). 

A  circulating  antigen  was  detected  in  the  plasma  of  mice  acutely 
infected  with  T_.   cruzi  by  using  the  antipolysaccharide  rabbit  serum. 
Identity  was  established  between  the  circulating  antigen  and  the  Con  A 
precipltable  antigen  Isolated  from  epimastigotes. 

The  cell  surface  Localization  of  the  isolated  polysaccharides  was 
established  as  mentioned  ior  C.  fasciculata.   P'urther,  the  presence  of 
the  antigen  was  demonstrated  in  the  amastigote  and  trypomastigote  stage, 
and  was  demonstrated  in  all  strains  of  the  parasite  tested. 

I.cluhm.inla  spp.  (with  Dr.  Welntraub):   Polysaccharides  have  been  isolated 
from  1..  tropica,  L,.  donovani  and  L,.  brasilienses  and  initial  chemical 
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characterization  is  underway. 

Biochemical  investigations  of  the  polysaccharides  will  be  continued. 
Future  work  will  attempt  to  determine  the  relationship  of  the  polysaccha- 
rides to  other  membrane  constituents.   Particular  emphasis  will  be  placed 
on  the  circulating  antigen  from  T^.  cruzi,  and  its  role  in  the  infections 
process.   An  understanding  of  the  cell  membrane  and  its  constituents  may 
help  us  understand  the  nature  of  parasitism  in  this  group,  because  the  cell 
surface  presumably  plays  an  important  role  in  recognition.   In  addition, 
the  cell  surface  may  also  protect  the  parasite  from  a  host  response. 

L.  tropica  hexose  transport  (with  Drs.  Roseman  and  Meadow):   Glucose  serves 
an  important  energy  source  for  a  number  of  hemoflagellates.   However, 
studies  on  sugar  transport  in  this  group  have  been  limited.   The  present 
study  was  undertaken  to  determine  if  a  phosphotransferase  system  described 
for  bacteria  may  be  operative  in  I.,  tropica.   To  date,  this  system  has 
not  been  demonstrated  in  any  eukaryotic  cell  type. 

Homogenates  of  L.  tropica  are  being  tested  for  phosphorylating 
activity.   Attempts  are  being  made  to  distinguish  the  observed  activity 
from  a  hexokinase.   Our  results  indicate  that  the  hexose  phosphorylation 
dependent  on  ATP,  is  associated  with  a  particular  fraction. 

Publications: 

Gottlieb,  M. :   A  carbohydrate-containing  antigen  from  Trypanosoma  cruzi 

and  its  detection  in  the  circulation  of  infected  mice.   J.  Immunol,  (in  press), 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Immuno-electrophoretic  and  chromatographic  techniques  are  being  used  to  charac- 
terize and  purify  the  amastigote-trypomastigote  antigens  prepared  from  cell 
cultures  infected  with  T,  cruzi.   This  cell  culture  antigen  has  at  least  one  or 


more  immunologically  active  fractions  that  are  different  from  conventional 
eptmastigotc  antigens. 

The  methods  used  to  characterize  Infectlvity  of  different  strains  or  passage 
lines  of  T.  cruzl  for  cells  la  vH^ro  include  determination  of  minimum  infective 
unit  by  terminal  dilution  titration  and  by  plaque  formation,  and  two  or  three- 
cycle  growth  curves.   The  plaquing  technique  requires  more  technical  evaluation, 
but  the  infectlvity  titration  and  growth  curve  determinations  are  reproducible. 
On  the  basis  of  these  tests  crvopreservatlon  of  T.  cruzi  results  in  biologic 
changes  of  the  organism. 

LeJBhmnnlnl  infection  (L.  tropica)  in  the  genetic  in-bred  mouse  was  found  to  be 
inhibited  by  prior  BCG  infection.  Extracts  from  leishmanial  promastigotes  were 
found  to  be  mitogenic  for  mouse  B  cells.  The  nature  of  the  genetic  pattern 
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^r^de^s^d"'"'"''''  '"'  resistance  to  L.  tropica  infection  in  the  mouse 

Project  Descrlptlnyi: 

Investigation  has  continued  of  the  amastigote-trypomastigote  antigen 
of  Trypanosoma  cruzi  prepared  from  infected  cell  cultures.   Thf  crude  soluble 
extract  appears  to  contain  about  seven  immunologically  reactive  fractions  by 
immuno-electrophoresis.   Some  of  these  fractions  are  common  to  components  oJ 
the  conventional  epimastigote  antigens,  but  one  or  more  of  the  ceU  cul  ure 
fractions  seems  to  be  unique  to  the  tissue  form  parasites.  By  Sephadex 
chroma  ography  the  crude  cell  culture  antigen  was  separated  Lto'dif f erent 
molecular  sized  fractions  which  were  then  tested  for  specific  immunologic 
tnlh/nJ.T''       T~'i"'''°''   ^'""^  ""'^  ^y  ^^1  diffusion.   These  techniques 
To  date   th^  '"11"'^   "   "'f'"'  cell-culture  antigen(s).  (Neva  and  Gam). 
To  date,  the  cell  culture  antigen  of  T.  cruzl  has  been  used  only  for  detection 
sL^Tr  .r   °'"''  '"'  P-^li-inary  evidence  indicates  that  It  will  also 
stimulate  blastogenic  activity  of  lymphocytes  from  infected  individuals 
Assessment  of  cell-mediated  immune  responses  with  this  and  other  antigens  of 
I.  cruzi  IS  planned  in  patients  with  Chagas'  disease.  (Neva.  Gusmao  and 
uttesen; . 

A  group  of  29  sera  from  individuals  in  Texas  with  earlier  questionably 
positive  CF  reactions  to  T.  cruzl  were  studied  further  with  immunodiffusion 
and  immunofluorescence  (IFA)  tests.   Six  sera  were  considered  positive  by 
the  IFA  test,  and  several  gave  faint  reactions  by  the  CIEP  test.   With  these 
results,  plus  the  earlier  CF  test  results,  it  was  concluded  that  at  least 
five  of  the  29  sera  represented  specific  reactions  to  T.  cruzi.  (Neva  and  Gam). 

The  methods  for  in  vitro  assay  of  infectivity  of  different  strains  of 
1-  cruzi  for  cells  have  now  been  worked  out  fairly  well.   Titration  of  mini- 
mum infective  unit  by  terminal  dilution  and  assessment  of  growth  potential 
by  trypomastigote  production  in  two  or  three-cycle  growth  curves  have  given 
reproducible  results.   Reproducibility  of  these  tests  can  be  estimated  by 
freezing  multiple  aliquots  in  liquid  nitrogen  and  using  these  as  inocula. 
The  only  disadvantage  of  the  freeze-preservation  of  strains  of  T.  cruzi  is 
that  frozen  inocula  exhibit  small  but  measurable  changes  in  inficti^Tit^   The 
plaque  technique  for  determining  infective  centers  of  T.  cruzi  for  cells 
continues  to  be  technically  more  exacting  and  its  reproducibility  has  not  yet 
been  assessed.   Application  of  these  three  techniques  to  assess  infectivity 
of  different  strains  or  passage  lines  of  T.  cruzi,  as  well  as  the  freeze- 
preservation  procedure  should  permit  quantitative  comparisons  of  the  organism 
from  different  geographic  areas  and  after  various  laboratory  manipulation 
(Neva  and  Gam) . 

Tho  oxporlmental  model  of  the  "S"  strain  of  Lelshmania  tropica  in  the 

foot-p.id  of  in-bred  mice  was  used  for  further  immunologic  studiis^ ^Prior 

BCG  infection,  initiated  by  the  I.V.  route,  was  found  to  inhibit  progression 
and  fatal  outcome  of  the  infection  Ln  Balb/c  mice.   In  investigating  enhanced 
cell-mediated  responsiveness  of  L.  tropica  infected  mice  it  was  found  that 
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extracts  from  the  organism  (promastlgotes)  were  mitogenic  for  B  cells.   Since 
Balb/c  mice  Infected  with  this  strain  of  !L.  tropica  develop  splenomegaly 
iind  hypergammaglobulinemia,  it  is  possible  that  these  findings  are  related, 
in  part,  to  the  presence  of  a  B-cell  mitogen  in  the  parasite  itself. 
(Weintraub  and  Weinbaum).   In  collaboration  with  Dr.  Gottlieb,  polysaccharides 
from  the  three  major  species  of  Leishmania  are  being  isolated  and  character- 
ized chemically  as  has  been  done  with  other  hemof lagellates.   These  poly- 
saccharides presumably  represent  cell  surface  membranes.  (Gottlieb  and 
Weintraub) . 

A  previous  attempt  to  identify  the  genetic  nature  of  the  susceptibility 
of  the  Balb/c  mouse  to  L.  tropica  infection  was  inconclusive,  so  another 
attempt  was  initiated  using  larger  numbers  of  animals  and  an  improved  experi- 
mental denign.   The  rrHultR  suggest  that  Husceptiblllty  and  resistance  may 
l)»-  dfH<rn)(!d  by  u   blmpif  Inheritance  pattern.  (Weintraub  and  Neva). 

Publ Icatlons: 


Neva,  F.A.  and  Gam,  A.A. :   A  complement-fixing  antigen  from  Trypanosoma  cruzi 
grown  in  cell  cultures.   Am.  J.  Trop.  Med.  &  Hyg.   26:  37-46,  1977. 

Gam,  A.A.  and  Neva,  F.  A.:   Comparison  of  cell  culture  with  epimastigote 
antigens  of  Trypanosoma  cruzi.   Am.  J.  Trop  Med.  &  Hyg.   26:   A7-57,  1977. 

Sheffield,  H.G.,  Melton,  M.L.  and  Neva,  F.A.:   Development  of  Hammond ia 
hammondi  in  cell  cultures.   Proceedings  of  the  Helminthological  Society  of 
Washington.  43:   217-225,  1976. 
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SUMMARY  OF  WORK  (200  words  or  le^b  -  underline  keywords) 

The  enzyme-linked  immunosorbent  assay  (EL ISA)  is  being  developed  to  detect  class 
specific  antibody  to  various  parasitic  diseases  as  well  as  circulating  antigen 
to  Toxoplasma.   An  epidemic  of  ovine  abortion  has  been  observed  on  a  farm  in 
Virginia  which  produces  sheep  for  NIH  research.   Serological  studies  indicate 
Toxoplasma  as  the  cause  of  the  abortions.   All  five  cats  living  on  the  farm 
had  high  hemagglutination  (IHA)  titers  for  toxoplasma  antibody.   The  IHA  test 
for  Sarcocystls  previously  developed  in  this  Laboratory  was  used  in  the  diagno- 
sis of  the  first  confirmed  outbreak  of  bovine  Sarcocystis  in  the  U.S. 
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Project  Description; 

Various  serological  tests  are  employed  to  measure  antibody  response  to 
toxoplasma  and  other  parasitic  infections.   A  new  technique,  ELISA,  has 
recently  been  developed  by  others  to  quantltate  either  antibody  or  antigen 
and  is  being  used  to  detect  antibody  to  various  parasitic  Infections.   ELISA 
techniques  are  also  being  modified  for  detecting  clrculatin  antigen  to 
toxoplasma.   This  test  would  be  of  value  In  the  diagnosis  of  either  acute 
or  latent  toxoplasmosis.   ELISA  is  also  being  used  to  detect  specific  IgE 
antibody  in  sera  from  patients  with  schistosomiasis  and  other  helminthic 
infections.   This  information  would  provide  a  means  of  correlating  allergenic 
response  with  the  clinical  situation  and  perhaps  give  a  better  understanding  • 
of  the  disease  process. 

Although  toxoplasmosis  has  been  known  to  be  a  cause  of  ovine  abortion, 
especially  in  England  and  New  Zealand,  it  has  not  been  given  much  attention 
in  the  U.  S.  Recently  6  ewes  aborted  on  a  farm  in  Page  County,  Virginia, 
which  supplies  sheep  to  the  NIH  under  contract  through  the  flHLBI.   IHA  titers 
on  four  of  the  six  ewes  were  >  1:4374,  one  was  1:1458  and  the  other  negative. 
Since  cats  are  Involved  in  the  transmission  of  toxoplasmosis,  five  cats  from 
the  barns  housing  the  sheep  were  tested  for  antibody.  All  cats  had  titers 
of  1:4374  or  greater.   One  of  the  surviving  lambs  from  an  ewe  with  a  titer 
of  1:1458  had  a  titer  of  1:39000  three  months  after  birth.   Studies  are  being 
initiated  to  locate  the  foci  of  infection  and  to  eliminate  further  abortions. 

The  need  for  a  serologic  test  for  sarcocystls  became  apparent  after  it 
was  found  that  Sarcocystls  is  a  coccldlan  parasite  with  an  obligatory  two  host 
life  cycle  in  predator  and  prey  animals.   Fecal  stages  of  Sarcocystls  cruzi 
are  highly  pathogenic  for  cattle.   Since  beef  constitutes  a  large  part  of  the 
American  diet,  the  need  for  a  serological  test  for  sarcocystls  was  apparent. 
After  an  initial  study  of  Immunoglobulin  changes  in  experimentally  Infected 
cattle  an  IHA  test  was  developed  to  detect  antibody  to  sarcocystls.   Shortly 
thereafter  the  IHA  test  was  used  to  serologically  diagnose  the  first  confirmed 
outbreak  of  bovine  sarcocystosis  in  the  United  States.   Titers  of  six  acutely 
ill  yearling  heifers  ranged  from  1:4374  to  1:39000.   These  calves  were  housed 
in  a  pen  adjacent  to  an  area  where  the  resident  farm  dog  was  confined  and  was 
found  to  be  excreting  sarcocystls  sporocysts. 

Studies  aimed  at  an  Improvement  in  the  serological  diagnosis  of  amebiasis 
using  fractionated  E.  histolytica  antigen,  have  been  hampered  by  lack  of  clin- 
ical material.  Using  Al  (OH) 3  as  an  adjuvant,  an  inmunizatlon  schedule  to 
produce  IgE  antibody  (demonstrated  by  PCA)  to  E.    histolytica  in  rats  has 
been  determined.   Production  of  IgE  antibodies  would  be  useful  for  evaluating 
skin  test  antigens. 

During  the  next  year  emphasis  will  focus  on  improving  ELISA  techniques 
for  serodiagnostic  research  in  parasitic  diseases.   In  addition  it  is  hoped 
that  ELISA  may  be  used  for  basic  research  in  illucldating  various  problems  in 
the  Immunology  of  parasites.  ' 
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Project  Description: 

Cellular  structure  and  changes  related  to  growth,  differentiation  and 
multiplication  of  parasitic  protozoa  and  response  of  host  tissue  to  parasitic 
infection  are  studied.   Aspects  of  infection  and  disease  related  to  structure 
and  development,  particularly  in  toxoplasmosis,  are  examined. 

Immunological  response  in  relation  to  prevention  of  reinfection  is  studied 
in  toxoplasma-infected  cats.   In  addition  to  standard  parasitological  tech- 
niques, in  vitro  cultivation  and  electron  microscopy  are  utilized. 

Studies  on  infection  and  transmission  of  toxoplasmosis  have  been  extended 
from  the  laboratory  to  a  field  situation  in  collaboration  with  Dr.  Pierce, 
NHLBI  and  Mr.  Lunde,  LPD.   Utilizing  knowledge  gained  previously  in  experimental 
laboratory  infections  an  investigation  of  an  outbreak  of  toxoplasmosis  at  a 
sheep-breeding  farm  has  been  initiated.   Toxoplasmosis  has  long  been  known  as  a 
cause  of  spontaneous  abortion  in  sheep.   However,  the  means  of  transmission  of 
the  parasite  to  sheep  have  not  been  elucidated.   Two  routes  of  infection  exist; 
ingestion  by  the  sheep  of  sporulated  oocysts  resulting  from  soil  or  food  con- 
tamination with  feces  of  infected  cats  or  ingestion  of  raw  flesh  containing 
the  organisms.   Since  meaningful  sampling  of  pasture  areas  for  oocysts  is 
technically  impractical  investigations  have  been  focused  on  holding  pens. 
Farm  cats  have  been  observed  defecating  in  the  pens  but  sampling  of  litter 
and  manure  from  the  pen  floors  and  examination  for  oocysts  has  yielded  negative 
, results.   All  cats  living  on  the  farm  have  been  examined  serologically  and 
found  to  have  high  antitoxoplasma  antibody  titers.   Repeated  fecal  examinations 
have  not  revealed  active  oocyst  production  in  these  cats.   Previous  work  indi- 
cates that  cats  with  high  titers  are  very  unlikely  to  produce  oocysts  even  if 
recently  reinfected.   Ewes  being  held  in  late  gestation  pens  have  been  observed 
to  ingest  fetal  membranes  after  delivery  of  lambs  either  by  themselves  or  other 
ewes.   This  source  of  infection  is  presently  being  studied. 

The  future  course  of  study  includes  attempts  at  isolation  of  toxoplasma 
organisms  from  fetal  membranes  of  ewes  having  antibody  to  toxoplasma.   Cats, 
both  previously  infected  and  uninfected,  will  be  fed  fetal  membranes  to  demon- 
strate a  cat-sheep-cat  cycle.   It  is  anticipated  that  the  results  of  this  study 
will  demonstrate  1)  the  role  of  the  cat  in  outbreaks  of  toxoplasmosis  in  sheep, 

2)  the  potential  hazard  to  humans  who  ingest  poorly  cooked  lamb  or  mutton,  and 

3)  the  hazard  of  acquisition  of  toxoplasmosis  by  farm  workers  who  handle  sheep. 
(Also  see  ZOl  AI  00103-10) 

Studies  of  early  development  of  Sarcocystis  cruzi  in  dogs  have  continued 
In  iH)l Laborat Ion  with  Dr.  Payer,  USDA.   Parasites  believed  to  be  gametocytes 
have  boon  found  in  association  with  capillaries  in  the  subepithelial  areas  of 
the  small  Lntestlne  as  early  as  one  day  after  Ingestion  of  muscle  containing 
cysts  ol  S.  cjruzl.   In  contrast  to  other  coccidian  sporozoans,  tht'sc  paras  Iick 
develop  extracellularly .   No  evidence  has  been  found  to  indicate  tlifit  Lticy 
initially  invade  a  host  cell  with  later  degenerates  as  has  been  reported  for 
some  other  coccidia.   Within  the  first  few  days  of  infection  several  membranes 
form  around  the  parasite  and  later  become  elements  of  the  sporocyst  wall. 
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Aiiotlior  notabli'  difference  between  ji.  cruzi  and  other  coccidia  is  the  lack  of 
organelles  usually  assoclaled  with  gametocytes  such  as  wall-forming  bodies 
and  various  storage  granules.  Further  comparison  of  S^.  cruel  to  related 
organisms  is  planned. 

Studies  on  development  of  the  cyst  and  bradyzoites  of  Sarcocystls  murls 
in  collaboration  with  Dr.  Frenkel,  University  of  Kansas  have  been  completed. 
Ultrastructural  characteristics  of  the  organisms  within  the  cyst  have  been 
directly  correlated  with  Infectivity.   Early  cyst  organisms  are  metrocytes 
which  divide  to  form  bradyzoites.   Cysts  are  not  infective  for  cats  until 
bradyzoites  are  formed  and  mature.   Maturity  is  indicated  by  the  presence  of 
large  numbers  of  micronemes  In  the  anterior  end  of  the  organism  and  numerous 
granules  of  amylopectin  storage  material  In  the  posterior  region.  Micronemes 
are  believed  to  play  some  role  in  penetration  of  the  host  cell  in  many  coccidia. 
The  cyst  wall  have  been  examined  for  changes  that  are  seen  in  other  sarcocystls 
but  no  slfnigicant  differences  have  been  found  between  cysts  examined  at  40 
to  325  days  after  infection.   Muscle  pathology  is  minimal  but  signs  of  pres- 
sure atrophy  have  been  observed  in  Infected  muscle  cells. 

Investigation  of  the  ultrastructural  characteristics  of  the  erector 
mechanism  of  antennae  bristles  in  mosquitoes  has  been  Initiated  in  collabor- 
ation with  Dr.  F.  Nijhout,  Duke  University.   Previous  studies  by  Dr.  Nijhout  . 
suggested  that  erection  was  due  to  a  water-absorbing  protein  at  the  base  of 
the  bristle.   Transport  of  water  into  or  out  of  the  protein  structure  caused 
swelling  which  forced  the  bristle  to  become  erect.   Electron  microscope  exami- 
nation showed  the  presence  of  a  cell  having  many  infolded  membranes  at  the 
base  of  the  protein  structure.   Structural  characteristics  are  similar  to 
those  seen  in  cells  known  to  function  in  water  transport.  Comparisons  between 
antennae  with  erect  and  non-erect  bristle  are  in  progress.  1 

Examination  of  host  parasite  relationships  between  Trypanosoma  cruzi  and 
cultured  cells  has  been  Initiated  in  collaboration  with  Dr.  Dvorak,  LPD. 
During  penetration  of  the  host  cell  by  T.  cruzi  modification  of  the  surface 
membrane  occurs  and  the  parasite  subsequently  is  found  inside  the  cell  but 
separated  from  the  host  cell  cytoplasm  by  a  vacuolar  membrane  which  is  derived 
from  the  host  cell  plasma  membrane.   Later,  the  vacuolar  membrane  breaks  down 
leaving  the  trypanosome  In  direct  contact  with  the  cytoplasm.   Standard  elec- 
tron microscopy  as  well  as  gonlometric  and  freeze  fracture  techniques  are  being 
utilized  to  study  the  relation  of  the  parasite  to  the  host  cell  membrane  at 
the  time  of  penetration.   It  Is  anticipated  that  these  studies  will  provide 
a  better  understanding  of  the  mechanism  of  host  cell  penetration  by  this  group 
of  parasites. 

The  future  course  of  this  project  will  be  to  continue  study  of  the  rela- 
tionship of  tntrncellular  parasites  with  their  hosts.  Toxoplasma  gondii  will 
be  used  as  a  model  system.   This  parasite  is  unusual  because  of  its  ability 
to  invade  and  multiply  within  almost  any  mammalian  cell  type.   In  humans  it 
Is  neurotropic  and  can  cause  serious  disease.   Although  many  aspects  of  the 
parasite  and  the  disease  it  produces  have  been  studied  several  important  points 
in  the  area  of  cell  biology  need  to  be  clarified:   1)  How  does  the  parasite 
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enter  the  host  cell?   2)   What  uig.  rs  rapidly  dividing  forms  to  slow  down 

and  begin  cyst  formation?   3)   Hou  drf..;  tl.e  parasite  avoid  being  destroyed 

by  the  host  cell?  and  4}  muit   rcquir.n, -nts  are  necessary  for  the  pnraMlto 

to  proceed  through  schizogonic  and  garr.Gt^genlc  stages  rather  than  the  tachyzoite- 

bradyzolte  cycle  seen  in  cs^lls  other  than  cat  Intestinal  epithelium?   Further 

studies  on  T.  gondii  and  related  coccidia  utilizing  morphological,  cyto- 

chemical  and  immunologice 1  tachniquas  are  anticipated  to  helo  answer  th^«^ 


questions. 
Publications: 


Sheffield,  H.G.  and  Melton,  M.L, :   Effects  of  pyrimethamine  and  sulfadiazine 
on  the  intestinal  development  of  Toxoplasma  gondii  in  cats.   Am.  J  Troo  Med 
Hyg.  25:   379-383,  1976.  ^' 

Sheffield,  H.G.,  Melton,  M.L.,  and  JJeva,  F.A.:   Development  of  Hammond ia 
hammondl  in  cell  cultures.   Proc.  H.ilm.  Soc.  Wash.  43:   217-225,  1976. 

Sheffield,  H.G.  and  Bjorvata,  B. :   Jltrastructure  of  the  cyst  of  Giardia 
lambia.   Am.  J.  Trop.  Med.  Hyg.  26;   23-30,  1977.  
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  study  was  initiated  to  understand  the  merozoite  and  erythrocyte  factors 
in  the  eventual  interiorizatlon  of  the  merozoite  within  the  erythrocyte.   The 
research  at  present  is  to  determine:   (1)  the  receptor  system  on  erythrocytes 
for  initiating  invasion  of  Plasmodium  knowlesi,  P^.  vivax  and  P^.  falciparum 
(2)  the  role  of  erythrocyte  metabolism  in  parasite  invasion  and  development; 
and  (3)  the  merozoite  strurture  In  the  surface  coat  that  attaches  to  the 
receptors. 
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Project  Description; 


There  are  three  clear-cut  questions  that  form  the  basis  of  this  project 
on  Invasion  of  RBCs  by  malaria  merozoltes. 

1.  What  Is  the  chemical  basis  for  recognition  between  parasites  and  RBCs, 
that  Is  the  Identification  of  the  receptors  on  RBCs  for  merozoites  and  the 
receptors  on  merozoites  for  RBCs? 

2.  Mechanism  of  invagination  of  the  RBC  membrane? 

3.  Isolation  and  characterization  of  the  rhoptry  contents? 
Methods; 

1.  Isolation  of  functional  merozoites  by  culture  and  sieving  of  schizonts 
of  Plasmodium  knowlesi. 

2.  Culture  of  £.  falciparum. 

3.  Ultrastructural  studies  of  invasion  including  studies  with  lanthanum, 
HRPO  labelled  anti  RBC  Fab  fragments,  cytocholasin  A  and  B,  freeze  fracture 
and  other  probes  for  dissecting  the  invasion  sequence. 

4.  Isolation  of  RBC  membrane  components  as  potential  receptors. 

5.  Identification  of  Duffy  antigen  on  RBC  and  merzoite  surface  components 
by  high-resolution  gel  electrophoresis  and  electrofocussing  separation 
techniques, 125  i  lactoperoxidase  surface  labelling,  general  metabolic 
labelling  of  all  parasite  components  and  the  use  of  anti-Duffy  and  polyspecific 
antl-merozoite  immune  sera  prepared  in  rabbits  and  monkeys. 

6.  Study  of  polymorphisms  (RBC  and  serum)  in  patients  with  severe  falciparum 
malaria  as  compared  to  the  general  population. 

Major  Findings: 

1.  Confirmation  of  the  Duffy  hypothesis  in  a  black  population  in  Honduras. 
Eleven  patients  with  P^.  vivax  were  all  Duffy  positive  whereas  £.  falciparum 
occurred  with  equal  frequency  in  Duffy  positive  and  negative  individuals. 

2.  P.  falciparum  and  P.  knowlesi  attach  to  different  proteins  or  glycopro- 
teins on  the  erythrocyte  surface.   A  candidate  receptor  is  the  surface 
slaloglycoproteins  because  of  the  reduced  susceptibility  to  invasion  after 
treatment  of  human  RBCs  with  trypsin  or  neuraminidase. 

3.  A  junctional  complex  between  the  merozoite  and  RBC  occurs  at  the  orifice 
of  the  invaginating  RBC  membrane.   The  moving  junction  brings  the  merozoite 
within  the  invaginated  RBC.   The  merozoite  surface  coat  and  outer  leaflet  of 
the  bilayer  of  the  RBC  membrane  are  removed  by  the  moving  junction. 
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A.   RBC  pyridoxal  kinase  is  higher  in  children  with  severe  falciparum  malaria 
than  the  general  population.   Females  have  a  higher  parasitemia  whereas  males 
have  a  higher  frequency  of  seizures  and  possibly  crerbral  malaria.   Children 
with  cerebral  malaria  have  an  unusual  immunoglobulin  allotype  (GM3) . 

Proposed  Course 

1.  Study  the  chemical  basis  of  the  Duffy  blood  group  determinants. 

2.  Identify  merozolte  surface  proteins.   Study  their  interaction  with  RBC 
components  Including  the  Duffy  determinant. 

3.  Determine  if  RBC  invagination  during  invasion  is  zippering  or  moving 
determinants  at  the  level  of  the  membrane. 

4.  Attempt  to  artifically  induce  release  of  rhoptry  material  in  vitro  in 
order  to  obtain  material  for  chemical  analysis. 

5.  Continue  studies  on  P^.  falciparum  receptor. 

6.  Further  studies  on  polymorphisms  as  they  relate  to  P^.  falcipartim. 

Significance; 

We  hope  that  identification  of  the  mechanism  of  invasion  will  lead  to 
immunologic  or  therapeutic  methods  for  interrupting  the  erythrocytic  cycle,   j 

Publications;  ! 
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Alkawa,  M. ,  and  Miller,  L.H.:   Ultrastructural  changes  in  the  erythrocyte 
plasma  membrane  in  ovale-type  malarial  parasites.   J.  Parasltol.  63: 
152-154,  1977. 

Miller,  L.H.,  Mason,  S.J.,  Clyde,  D.F.,  and  McGuinniss,  M.H.:   The  Duffy 
blood  group  genotype,  FyFy.  New  Engl.  J.  Med.  295:  302-304,  1976. 
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for  the  malarial  parasites,  Plasmodium  falciparum  and  Plasmodium  knowlesl. 
J.  Exp.  Med.  146;  1977. 

Mason,  S.J.,  Miller,  L.H. ,  Shiroishi,  T. ,  Dvorak,  J. A.,  and  McGinniss,  M.H. 
The  Duffy  blood  group  determinants:   Their  role  in  the  susceptibility  of 
human  and  animals  erythrocytes  to  Plasmodium  knowlesi  malaria.   Brit.  J. 
Haematol.  36:  327-333,  1977. 
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Tt  Is  the  purpose  of  this  project  to  study  the  immune  mechanisms  involved  in 

Hpnrozol  tt— liuliiced  1  n ffc t  loim  la  simian  (Plaamodlum  knowlesi)  malaria. 

Studies  underway  are  concerned  with:  1)  characterization  of  sporozoite 
surface  antigens;  2)  development  of  methods  for  immunization  of  monkeys 
with  P.  knowlesi  sporozoites. 
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Project  Description; 

Antigenic  analysis  of  P^.  khowlesl  spdrozGites  , 

Studies  are  underway  to  characterize  the  surface  antigens  of  P.  knowlesi 
sporozoltes  derived  from  Anopheles  balabacensis  mosquitoes.   Highly  purified 
sporozoite  preparations  have  been  injected  I.V.  Into  rabbits  and  antisera 
are  being  used  for  determination  of  sporozoite  surface  components  by  immuno- 
flouresence,  Immunoelectrophoresis  and  double  diffusion  techniques. 

Similar  determinations  will  be  made  with  antisera  from  monkeys  Immunized 
I.V.,  and  l.M.  with  Freund's  complete  adjuvant. 

Sporozoite  Immunization: 

Initial  studies  have  shown  that  monkeys  are  not  readily  immunized  with 
I.V.  injections  of  attenuated  sporozoltes.   A  single  monkey  was  protected 
after  receiving  7  x  10'' sporozoltes  in  12  I.V.  inoculations.   This  monkey 
remained  resistant  to  challenge  by  mosquito  bite  for  over  18  months,  but  was 
fully  susceptible  to  a  blood-induced  infection. 

Rhesus  monkeys  have  been  immunized  with  l.M.  injections  of  attenuated 
sporozoltes  emulsified  In  Freund's  complete  adjuvant.   Monkeys  receiving  a 
single  inoculum  of  5  X  10^  sporozoltes  in  FCA  were  not  protected  against 
challenge  by  bite  of  infected  mosquitoes.   Two  of  3  monkeys  receiving 
2  inoculations  of  5  x  10^  sporozoltes  were  protected  after  challenge. 

CIrcum-sporozolto  precipitin  reactions  developed  in  monkeys  within  10 
days  of  Inoculation  of  sporozoltes  in  FCA, 

Proposed^  Course : 

'I'hc  Idl  Inwliij.'  InvfHt  lf>aL  Ions  will  he  pursued  in  the  coming  yoar  with 
the  L'vuiuual  goal  of  Immunization  against  sporozoltes  of  the  human  malarias: 
1)  Improvement  of  the  P.  knowlesV  monkey  model  with  respect  to  Ideal 
immunization  regimens;  2)  evaluation  of  various  adjuvants  as  substitutes 
for  FCA;  3)  Improvement  of  sporozoite  harvesting  techniques  and  development 
of  methods  for  Infecting  mosquitoes  on  in  vitro  cultured  gametocytes; 
4)  development  of  a  simian  model  for  the  evaluation  of  sporozoite-lnduced 
Immunity  against  P^.  falciparum. 

Significance  to  Biomedical  Research: 

A  sporozoite  vaccine  capable  of  preventing  malarial  Infections  would 
be  of  great  importance  to  human  populations  in  much  of  the  tropical  world. 
The  ready  application  of  this  type  of  immunization  to  man  has  met  with  a 
number  oi"  pract  Ic;il  difficulties.   The  development  of  a  simian  model  for 
iiliullcH  (Ml  tlif  im'ihnnlamH  and  methodology  for  sporozoite-lnduced  Immunity 
would  111'  vi'iv  us. 'I  111  for  i;he  solution  of  some  of  these  i>roblems. 
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Publications; 

Chen,  D.H.,  Tigelaar,  R.E.,  and  Welnbaum,  F.I.:   Immunity  to  sporozolte- 
Induced  malaria  infection  in  mice  I.  The  effect  of  Immunization  of  T  and  B 
cell-d(ificlent  mice.   J.  Immunol.   118:   1322-1327,  1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Studies  on  Immunoregulation  in  malaria  have  been  approached  from  several 
angles,  dictated  by  needs  to  learn  more  about  host  responses  in  this  Important 
dlHonHti.   Wo  hnve  determined  by  in  vitro  studies  that  a  T-cell  mitogen  is  present 
In  mularln  par^isltes  which  may,  among  other  things,  non-specif Ically  stimulate 
the  local  elaboration  of  lymphocyte-derived  monocyte  chemotactic  factor  in  the 
spleen  resulting  in  marked  macrophage  hyperplasia.   These  macrophages  then 
release  lymphocyte  activating  factors  early  in  infection  and  Ijmiphocyte  suppres- 
sing factors  later  in  infection.   The  consequences  of  such  non-specific  immuno- 
regulatory  substances  may  have  important  bearing  on  host  defense, 

Other  areas  of  investigation  include  the  role  of  the  spleen  in  host 
defense  in  malaria,  and  regulation  of  fibrosis  in  schistosomiasis . 
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Project  Description: 


The  development  of  insecticide-resistant  mosquitoes  and  drug  resistant 
parasites  in  the  last  few  decades  has  resulted  in  a  renewed  interest  in 
possible  iiranunoprophylaxis  methods  for  control  of  falciparum  malaria. 
Heretofore,  empirical  approaches  to  vaccine  development  using  experimental 
models  of  malaria  have  met  with  considerable  limitations  (eg:   requirement 
for  Freund's  complete  adjuvant).   We  therefore  have  been  Investigating  the 
nature  of  Immune  responses  In  human  infection  and  in  experimental  models  in 
the  hope  of  learning  more  about  host  responses  to  natural  Infection  and 
possibly  providing  a  data  base  for  new  approaches  to  vaccine  development. 

Studies  on  cellular  immunology  of  human  malaria  were  undertaken  in  The 
Gambia,  West  Africa.   Studies  Indicated  that  marked  quantitative  alterations 
in  subpopulations  of  circulating  lymphocytes  occurred  during  falclparxim  malaria 
infection,  with  decrease  in  T  cells  and  increase  numbers  of  "null"  cells  (Wyler). 
However,  malaria  antigen  specific  in  vitro  lymphocyte  transformation  was  not 
altered  in  these  patients  during  infection  despite  marked  decreases  In  circu- 
lating T-cells  (Wyler  &  Brown).   The  additional  observation  in  these  patients 
that  the  percentage  of  circulating  T  cells  which  spontaneously  incorporate 
tritlated  thymidine  was  Increased  during  infection  is  consistent  with  our 
demonstration  that  Plasmodium  falciparum  contains  a  T-cell  mitogen  (Welnbaum, 
Wyler,  and  Herrod). 

Our  emphasis  has  turned  to  immunologic  events  occurring  in  spleens  of 
infected  animals,  since  our  observations  on  the  role  of  the  spleen  in  chronic 
malaria  suggests  that  this  organ  may  have  both  protective  and  suppressive 
roles  in  host  defense  (Wyler,  Miller,  &  Schmidt)  which  may  not  be  expressed 
by  other  lymphoid  populations.   Studies  indicate  that  the  marked  splenic 
macrophage  hyperplasia  occurring  in  malaria  may  be  a  result  of  local  elabor- 
ation of  Tymphocytc-der Wed  monocyte  chemotactic  factor  (Wyler  &  Gallln). 
Furthermore,  these  accumulated  spleen  macrophages  may  then  play  an  important 
role  in  modulating  immune  responses.   By  studying  the  effects  of  soluble 
products  of  cultured  macrophages  from  infected  mice  on  proliferative  response 
of  normal  lymphocytes  to  mitogens  or  malaria  antigen,  we  determined  that: 
(1)  early  in  infection,  macrophages  produce  supernormal  amounts  of  lymphocyte 
activating  factor,  (2)  late  in  infection,  macrophages  produce  an  immunosup- 
pressive factor,  (3)  these  observations  may  relate  to  the  amount  of  parasite 
material  phagocytosed  by  macrophages  at  different  times  in  infection  (Wyler 
&  Oppenhelm).   The  significance  of  these  observations  relates  to  repeated 
observations  of  others  that  Immunosuppression  is  a  frequent  consequence  of 
malaria  infection.   It  Is  our  contention  that  this  immunosuppression  is 
responsible  for  the  slow  development  of  protective  immunity  In  human  malaria. 
We  therefore  will  now  attempt  to  characterize  and  purify  the  macrophagc- 
derived  Immunosuppressive  material  in  order  to  test  its  effects  on  the  course  < 
of  malarial  infection  ^  vivo, (Wyler  &  Crouch) . 

Other  Investigations  include  in  vitro  studies  on  the  possible  role  of    • 
lymphokines  and  egg  antigen  in  mediating  fibrosis  in  schistosomiasis  (Wyler, 
Wahl,  Wahl,  and  Cheever).   The  nature  of  mitogen  present  in  Leishmania  is 
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being  defined  (Wyler,  Weinbaum  &  Herrod)  in  conjunction  with  clinical  studies 
in  leishmaniasis  (see  project  #Z01  AI  00141-02,  FY  '76).   As  part  of  these 
clinical  studies,  methods  for  cultivating  leishmania  in  human  macrophages 
have  been  developed  (Wyler  &  Dwyer) . 

Publications: 

Wyler,  D.J.  and  Gallin,  J.I.:   Amplification  of  the  spleen  macrophage  popula- 
tion In  malnrln:   PosHl.blc>  role,  of  a  factor  chemotactic  for  blood  mononuclear 
tiMlH.  lj\'.      J-miimncj-UHptictH  of  the  apleen  (Battisto,  J.R.  and  Streileln,  J.W., 
Eds)  North-Holland  Publiehing  Co.,  New  York,  1976.  p.  333. 

Wyler,  D.J.,  Miller,  L.H. ,  and  Schmidt,  L.H.:   Protective  and  suppressive  roles 
of  the  spleen  in  quartan  malaria,   ibid,   p.  253. 

Wyler,  D.J.  and  Gallin,  J.I.:   Spleen-derived  mononuclear  cell  chsmotactic 
factor  in  malaria  infections.   A  possible  mechanisms  for  splenic  macrophage 
accumulation.   J.  Immunol.  118:   478-484s  1977. 

Wyler,  D.J.,  Miller,  L.H.  and  Schmidt,  L.H.:  Spleen  function  in  quartan 
malaria  (Plasmodium  inul) :  Evidence  for  both  protective  and  suppressive 
roles  in  host  defense.   J.  Infect.  Pis.  135:   86-93,  1977. 
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SUMMARY  OF  WORK  (200  word-.,  or  Io-.l.  -  underline  keywords) 

It  is  the  purpose  of  this  project  to  develop  methods  for  immunizing  the 
vertebrate  host  against  the  sexual  stages  of  malaria  parasites  of  the  genus 
Plasmodium  which  develop  in  the  gut  of  the  mosquito  vector. 

Studies  underway  are  concerned  with:  1)  vetebrate  immunity  factors  which 
inhibit  exflagellation,  fertilization  and  oocyst  development  in  the  mosquito 
gut;  2)  characterization  of  the  host  immune  response  to  gamete  antigens  and 
the  production  of  anti-gamete  antibodies;  3)  development  of  efficient  methods 
of  antigen  production  and  methods  for  Immunization  of  the  vertebrate  host 
against  the  sexual  stages  of  the  malarial  parasite. 
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Project  Description; 

Plasmodium  galllnacium  in  chickens 

Chickens  were  immunized  with  I.V.  injections  of  various  antigen 
preparations  derived  from  infected  erythrocytes  or  purified  gametes  of 
the  avian  malaria  parasite,  P^.  gallinaceum.  Once  immunized,  chickens  were 
fully  susceptible  to  challenge  infections,  developed  asexual  parasitemias 
comparable  to  infections  in  non-immune  chickens  and  produced  normal  numbers 
of  gametocytes.   However,  mosquito  ingested  gametocytes  from  chickens 
which  had  received  2  or  more  inoculations  produced  few  or  no  oocysts,  where- 
nn   g.-imptocytes  from  once-inoculated  or  non-immunized  chickens  produced 
lii'dvy  mosquito-gut  infections. 

Comparative  studies  have  been  made  of  the  efficacy  of  various  gametocyte 
and  gamete  containing  preparations  in  illiciting  transmission  suppressing 
immunity.   Whole  parasitized  blood  in  which  gametogenesis  has  been  suppressed 
is  effective  only  when  large  volumes  are  used.  Whole  blood  in  which  the 
release  of  extracellular  gametes  has  been  stimulated  was  effective  in  much 
smaller  volumes.   The  most  effective  material  both  in  terms  of  volume  of 
blood  required  and  the  degree  of  transmission  suppression  achieved  was  a 
preparation  of  partially  purified  extracellular  gametes  of  both  sexes. 
Highly  purified  microgametes  were  somewhat  less  effective  than  the  prepara- 
tion of  mixed  gametes. 

In  the  presence  of  serum  from  chickens  with  transmission  suppressing 
immunity,  microgametes  undergo  a  characteristic  reaction  designated 
"surface  fixation"  (SF) .   In  the  SF  reaction,  microgametes  become  immobilized 
by  attachment  to  the  surface  of  the  slide  or  coverslip  under  which  they  are 
being  observed.   The  reaction  correlates  strictly  with  the  presence  of 
transmission  suppressing  immunity  in  the  donor  chickens  and  represents  the  only 
instance  in  malaria  in  which  a  serological  correlative  of  functional 
immunity  is  known.   The  SF  reaction  has  not  been  observed  in  Rhesus  monkeys 
with  transmission  suppressing  immunity. 

Electron  micrographs  of  ^.  gallinaceum  microgametes  incubated  in  immune 
scrum  demonstrated  the  presence  of  a  pronounced  surface  coat.   In  addition, 
lysis  was  apparent  in  micro-  and  macrogametes  Incubated  with  whole  immune 
serum.   Heat  inactlvation  of  serum  abolishes  the  capacity  for  lysis  of  these 
parasites  but  does  not  affect  the  formation  of  the  surface  coat  or  the 
surface  fixation  reaction. 

Plasmodium  berghel  in  mice: 

Concentrated,  gradient-purified  preparations  of  micro-  and  macrogametes 
were  used  for  I.V.  inoculation  of  mice.   After  repeated  inoculation,  mice 
were  challenged  and  gamete  infectivity  assayed  by  feeding  with  An.  stephensl. 
mosquitoes.   Infection  rates  In  mosquitoes  were  reduced,  but  results  were 
inconsistent. 
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Studies  with  the  P.  berghel/  mouse  model  are  continuing  with  various 
modes  of  antigen  preparation,  routes  of  inoculation  and  the  addition  of 
adjuvants. 

Plasmodium  knowlesi  in  monkeys: 

Initial  trials  demonstrated  that  I.V.  immunization  regimens,  highly 
HiicTCHHrnl  with  chlckPHM,  wpre  totnlly  Int-ffortlve  with  P^.  knowl^ejrl  In 
rliPoiiH  imiiikeyH.   CoiiHeiiuent  ly ,  imiitkeyn  wore  Immunized  l.M.  with  purt  tally 
purified  mlcrogameteu  (50-60%  microgametea,  10%  macrogametea,  the  remainder 
trophozoites  and  uninfected  erythrocytes)  of  £.  knowlesi  emulsified  in 
Freund's  i-omplete  (FCA)  adjuvant.   Monkeys  received  single  inoculations  of 
10^  to  10^  microgametes  in  FCA  followed  later  by  a  challenge  infection. 

Immunization  with  the  crude  microgamete  preparation  in  FCA  had  a 
dramatic  effect  on  both  the  course  of  the  asexual  parasitemia  and  the 
infectivlty  of  gametes  to  mosquitoes.   Immunized  monkeys  seldom  developed 
asexual  Infections  with  parasitemias  above  1%,  whereas  control  monkeys  all 
developed  typical  fatal  fulminating  infections  with  parasitemias  above  50%. 
Moreover,  Infections  in  Immunized  monkeys  were  not  infectious  to  mosquitoes; 
infections  in  control  monkeys  were  highly  infectious  to  mosquitoes. 

Proposed  Course; 

'I'lif  fill  lowing  Invest  Igat  Ions  will  he  pursued  In  the  coming  year  with 
the  L'vtMUuMl  goal  ol  Immunization  against  thf  sexual  stages  ot  the  human 
malarias:   I)  standardization  of  the  £.  berghel/  mouse  model  as  a  tool  for 
evaluation  of  various  immunization  regimens  and  adjuvants  prior  to  testing 
in  simian  models;  2)  determination  of  the  mode  of  action  of  the  anti-gamete 
response  and  characterization  of  gamete  antigens  and  anti-gamete  antibodies; 
3)  development  of  a  simian  model  for  testing  of  P.  falciparum  gamete  antigensj 
with  in  vitro  culture  systems  as  the  antigen  source;  4)  development  of 
in  vitro  tests  for  the  existence  of  anti-gamete  antibodies;  5)  search  for 
naturally  occurring  anti-gamete  antibodies  in  human  populations  chronically 
infected  with  P^.  falciparum.  ' 

Significance  to  Biomedical  Research: 

A  vaccine  capable  of  interrupting  the  transmission  of  malaria  by 
interrupting  the  sexual  cycle  of  the  parasite  and  preventing  mosquito  infec- 
tion could  have  a  profound  effect  on  the  epidemiology  of  one  of  mankind's 
major  diseases.   Moreover,  the  cross  protection  the  gamete  vaccine  affords 
against  nsexunl  parasites,  the  stage  that  causes  disease,  makes  this  type  of 
vaccine  particularly  attractive.   Application  of  this  form  of  immunization  to 
the  human  malarias,  particularly  P^,  falciparum,  remains  to  be  determined. 

I'uli  1  I  cMl J(HiH : 

Cw.idz,  K.W.  :  Malaria:   Siicccsuful  Immunization  against  the  sexual  stages  of 
Plasmodium  gal  1 Inaccum.   ScltMue  193:   1150-1151,  1976. 


Serial  No.  ZOl  AI  0,0110-05  LPD 

(iurttT,  K.  and  Chen,  D.H.:  Malaria  transmission  blocked  by  inununlsatlon 
with  gametes  of  the  malaria  parasite.  Nature  263:   57-60,  1976. 
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Project  Description; 


The  objective  of  this  project  is  to  conduct  fundamental  studies  on 
the  physiology  of  Anopheline  mosquitoes.   Emphasis  has  currently  been 
placed  on  reproductive  and  feeding  physiology. 

Reproductive  physiology  of  Anopheles  males 

Anopheles  males  must  undergo  certain  physiological  changes  if  they  are 
to  successfully  locate  and  mate  with  a  conspecific  female.   First,  th6  male's 
i antennae,  which  act  like  hearing  organs,  must  be  activated.  Once  this 
; occurs  males  are  sexually  attracted  to  the  female  flight  sound  and  the  two 
'  sexes  are  drawn  together.  Activation  Involves  erection  of  numerous  hairs 
;  which  are  appressed  to  the  antennal  shaft  except  during  the  mating  period 
j  each  night.  The  time  when  these  hairs  rise  and  fall  each  night  is  controlled 
by  an  endogenous  circadian  clock. 

Histological  studies  have  shown  that  the  effector  mechanism  for  erection { 
is  a  large  cell  situated  at  the  base  of  each  antennal  hair.  The  cells  have  | 
receptors  which  are  similar  to  vertebrate  oC -adrenergic  receptors.  In  i 
response  to  the  appropriate  neuro-transmltter,  probably  a  catcholamine,  these i 
cells  rapidly  increase  their  volume  forcing  the  associated  recumbent  hair 
shafts  into  the  upright  position.  - 

>  The  second  physiological  change  associated  with  mating  Involves  the  two 

I  terminal  segments  of  the  maxillary  plaps  which  are  located  on  either  side  of 
i the  male's  mouth  parts.   During  the  day  these  structures  lie  parallel  to  the 
] mouth  parts.  However  at  night  they  flare  out  becoming  nearly  perpendicular 
to  the  mouth  parts. 

Flaring,  like  antennal  hair  erection,  is  under  nervous  control.   It  can 
I  be  induced  by  exogenously  applied  catacholamlnes  suggesting  that  the  neuro- 
; transmitter  involved  is  a  catacholamine-llke  substance.  The  response  to 
I  catacholamlnes  is  specific  and  can  be  blocked  by  ^-adrenergic  blocking 

agents  but  not  6-adrenergic  blockers.   These  results  have  also  been  observed 
I  in  the  case  of  antennal  hair  erection  indicating  that  the  physiological 

enervation  of  the  palps  is  identical  to  that  of  the  antennal  hairs. 

Maxillary  palp  flaring  and  antennal  erection  always  occur  in  unison 
regardless  of  photoperiod.   This  implies  that  they  are  both  controlled  by 

jthe  same  physiological  clock  which  gates  both  events  so  that  they  occur 

I  only  when  the  males  engage  in  their  nightly  mating  behavior. 

I 

All  behavioral  evidence  gathered  to  date  points  to  a  role  for  the 
flared  palps  in  mating  behavior.  Males  without  their  palps  are  not  as 
HiicfPHsfiiT  «t  mntlnp.  with  conspecific  romiilcs  n.s  nrc  ciintrols  with  their 
palpH.  Turtheir  bcihavioral  experiments  ara  now  underway  to  define  Che  exact 

jrole  of  the  palpa  in  mating. 
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Additional  lines  of  investigation  in  this  study  include:   1)  Histologi- 
cal studies  to  clarify  the  sensory  nature  of  the  receptor  in  the  palps 
2)  a  study  to  determine  if  the  circadlan  clock  which  triggers  these  two 
responses  can  be  manipulated  such  that  palp  flaring  and  antennal  erection 
no  longer  coincide  with  the  mating  period. 

Physiology  of  ovlposition 

Female  Anopheles  confine  their  ovlposition  activity  to  night  time  and 
once  an  egg  batch  has  matured  the  eggs  are  retained  until  night-fall. 
Inhibition  of  ovlposition  during  the  day  is  so  strong  in  An.  freebornl  that 
females  held  in  continuous  light  die  without  ovipositing  and  therefore  with- 
out taking  a  second  blood  meal.   Inhibition  of  ovlposition  is  also  observed 
when  the  ventral  nerve  cord  is  cut.   These  observations  suggest  that 
ovlposition  is  under  nervous  control  and  that  the  release  of  this  behavior 
Is  triggered  by  a  photoperiodic  clock.   Experiments  are  now  underway  to 
screen  various  biogenic  amines  for  their  ability  to  release  ovlposition 
during  the  day  and  to  identify  the  pathway  by  which  release  of  ovlposition 
behavior  occurs. 

Feeding  physiology  of  female  mosquitoes 

Adult  mosquitoes  are  known  to  take  nourishment  from  two  distinct 
sources:   1)  blood  from  a  vertebrate  host,  the  proteins  from  which  are 
utilized  In  the  production  of  eggs  and  2)  sugar  solutions  from  plant 
nectaries,  used  primarily  for  flight  energy.   These  two  types  of  food  are 
'  taken  into  distinct  regions  of  the  digestive  system.   Blood  is  dispatched 
directly  to  the  midgut  (stomach)  for  immediate  digestion  whereas  sugar 
solutions  are  stored  in  a  diverticulum  of  the  esophagus  and  gradually  passed 
to  the  stomach  for  digestion.   This  sugar  storage  is  presumably  adaptive, 
leaving  the  stomach  empty  to  receive  a  blood  meal  (an  unpredictable  event) 
at  any  time.   The  purpose  of  the  present  study  is  to  examine  the  mechanism 
by  which  a  female  mosquito  recognizes  the  nature  of  a  meal. 

Our  results  to  date  show  that  female  mosquitoes  have  an  Internal 
sensor  for  the  osmolality  of  imbibed  fluids.   Fluids,  either  sugar-like  or 
blood-like  with  high  osmolality  (greater  than  300  mOsm)  go  directly  to  the 
stomach.   Fluids  with  lower  oHmolalitles  are  usually  directed  to  the 
.  Ul  vorl  li'iitum  ri'K'Wd  U-hh  dI  composition. 

fhyHJoloKy  of  pout  blood-meal  diuresis 

Females  of  An.  freebornl  produce  a  copious  urine  for  a  brief  time  after 
taking  a  blood  meal.   Diuresis  begins  Immediately  after  cessation  of  feeding 
and  continues  at  a  constant  rate  for  about  30  minutes.   This  time-course  of 
diuresis  is  independent  of  the  size  of  the  meal.   Diuresis  after  large  meals 
occurs  at  a  higher  rate,  not  over  a  longer  time,  than  diuresis  after  small 
meals.   Heat-stable  and  saline  soluble  substances  that  Induce  rapid  excretion 
by  Isolated  Malpighlan  tubules  can  be  extracted  from  the  head  and  thoracic 
nervous  system,  suggesting  the  presence  of  a  neurosecretory  diuretic  hormone 
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similar  to  thalt  found  in  oilier  bloodsucking  InsectB.   necapltatlon  and 
section  of  the,';i ventral  nerve  cord  abolish  rapid  diuresis  after  a  bloodmeal. 
Thus,  in  contrast  to  the  situation  in  other  bloodsucking  insects  studied 
so  far,  the  head  is  required  as  the  source  of  the  diuretic  hormone  or  as  a 
link  in  the  pathway  that  stimulates  its  release. 

Proposed  Course 

The  following  investigations  will  be  pursued  in  the  coming  year:   1)  an 
attempt"  to  clarify  the  role  of  the  male  palps  and  palp  receptors  in  species 
recognition;  2)  isolation  and  demonstration  of  contact  pheroraones  involved 
in  pre-zygotic  species  isolation;  3)  demonstration  of  the  biochemical  basis 
of  circadian  cycles  controlling  reproductive  and  oviposition  behavior  patterns. 

Significance  to  Biomedical  Research 

Anopeline  mosquitoes  are  wholly  responsible  for  the  transmission  of 
malaria  from  man  to  man.   Their  physiology  is  poorly  understood.   Our  investi- 
gations are  aimed  at  understanding  certain  critical  and  possibly  vulnerable 
stages  in  the  life  cycle  of  these  disease  vectors.   Disruption  of  one  of 
these  events  could  provide  a  means  of  controlling  the  vector  species.        , 

Publications : 

Nijhout,  H.F.:   Control  of  Antennal  Hair  Erection  in  Male  MosquitosB. 
Bio,  bull.  (Woods  Hole)  (in  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Electrophoretlc  variation  of  enzymes  of  malaria  and  babesia  parasites  has 
been  studied  by  starch  gel  electrophoresis.   The  purpose  of  these  studies  was 
1)  to  attempt  to  demonstrate  regional  differences  between  isolates  of  P. 
falciparum  from  different  parts  of  the  world   2)  to  define  the  relationship 


between  Isolates  of  babesia  of  human  and  rodent  origin  from  the  island  of 
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Project  Description : 

The  distribution  of  electrophoretic  variation  of  enzymes  of  Isolates  of 
I'lnHmodrum  X.<j_l_' Jj'jirLim  from  Africa,  Central  America  and  South  East  Asia  has 
been  examined  iislnfj;  Lht!  enzymes  glucose  phoHphate  i^omerase  (GPI)  lactate 
dehydrogenuHe  (IJ)ll)  ft-plionphogluconate  dehydrogenase  (6PGD)  and  glutamate 
dehydrogenane  (CDH) .   Variation  In  all  but  GDH  has  been  found  among  local 
populations  ol  parasiteH  from  each  region.  /However  the  same  enzyme  variants 
occur  in  Isolates  from  all  three  major  regions  studied.   It  has  not  been 
possible,  therefore,  to  distinguish  isolates  of  _P.  falciparum  on  a  regional 
basis. 

Using  the  enzymes  GPI  and  GDH  a  study  was  made  of  enzyme  variation  in 
7  isolates  of  babesia  from  human  infections  and  84  isolates  from  rodent  infec- 
tions all  from  the  island  of  Nantucket,  Massachusetts.   No  variation  in  either 
enzyme  was  found  either  within  or  between  the  isolates  of  human  and  rodent 
origin.   These  results  provide  confirmation  of  the  view  that  the  same  popula- 
tion of  parasites  is  involved  in  both  human  and  rodent  infections. 

Proposed  Course: 

No  specific  future  studies  are  proposed.  Capacity  for  conducting  enzyme 
electrophoresis  is  being  maintained  as  a  facility  for  co-operating  with  other 
groups  interested  in  applying  these  techniques. 

Publications: 

Carter,  R.  and  Walliker,  D. :   Ulocliemical  Markers  for  Strain  Differentiation 
of  Halarln   Parasites.  Bull.  Wld.  Hlth.  Ore.   (in  press). 

Miller,  L.H.,  Neva,  F.A.,  and  Gill,  F.A.:   A  Case  of  Pabesiosis  (Babesi 
microti)  from  Martha's  Vineyard  with  Observations  on  Chemotherapy  of  the 
Infection.   Ann.  Int.  Med.  (In  press). 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

It  is  the  purpose  of  this  project  to  investigate  the  physiological  basis  and 
developmental  controls  involved  in  the  formation  of  the  sexual  stages  of 
malaria  parasites. 


The  studies  are  concerned  with  1)  the  development  of  gametocytes  from  asexual 
parasites  in  continuous  culture.  2)  the  biological  and  biochemical  factors 
which  regulate  gametogenesis  (exf lagellation)  3)  the  events  of  fertilization 
and  the  early  d>ivelopment  of  the  zygote  (ookinete). 
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The  malaria  parasites  used  in  this  study  are  Plasmodium  gallinaceum 
in  the  chicken,  P^.  knowlesi  in  the  Rhesus  monkey  and  in  continuous  culture, 
P^.  berghei  in  the  hamster  and  P^.  falciparum  in  continuous  culture. 

Gametocytogenesis  and  gametogenesis  in  continuous  culture 

Using  the  method  described  by  Trager  and  Jensen  (Science,  193,  (1976) 
for  the  culture  of  asexual  stages,  gametocytes  of  P^.  falciparum  have  been 
produced  in  continuous  culture  and  stimulated  to  undergo  gametogenesis. 
Current  studies  are  being  directed  towards  clarifying  conditions  for  achiev- 
ing routine  production  of  functional  gametocytes  of  P^.  falciparum  in 
culture  with  a  view  to  mass  production  of  gametes  and  infection  of  mosquitoes. 

Studies  are  in  progress  to  identify  factors  controlling  synchrony  in 
malaria  using  P^.  knowlesi  in  continuous  culture  as  a,  model.   The  degree  of 
synchrony  of  this  parasite  in  culture  is  less  than  that  observed  in 
natural  Infections.   Introduction  of  various  temperature  cycles  in  the 
culture  system  did  not  improve  this  synchrony,  nor  could  thenno  periods 
be  used  to  shift  the  division  cycle  in  time.  However,  raising  the 
temperature  from  37°C  to  40°C  inhibited  growth  of  the  culture.   Since  the 
periodic  fevers  in  malaria  regularly  exceed  this  limit  they  may  be  in  part 
responsible  for  maintaining  synchrony  of  the  parasite  division  cycle. 
Futther  studies  of  this  phenomenon  are  planned.   Periodic  addition  and 
removal  of  physiologically  active  compounds  including  catecholamines, 
cyclic  nucleotides  and  steroid  hormones  did  not  affect  the  innate  synchrony 
of  the  parasites. 

Regulation  of  gametogenesis 

Using  the  avian  malaria  P^.  gallinaceum  previous  studies  under  project 
no.  ZOl  AI  00110-04  LPD,  had  elucidated  the  role  of  bicarbonate  ion  and  pH 
In  control  ling  gametogenesis  in  vitro.   Continuing  studies  with  this  system 
brwfc   shown  that  8-hromo-cAMP  and  three  phosphodiesterase  inhibitors,  caffeine, 
Sqiill>h-2()()()9  ran  Initiate  exf lagellatlon  indicating  a  probable  role  for  cyclic 
nucleotides  in  this  process.   In  addition  a  factor  present  in  the  gut  of 
mosquitoes  has  been  demonstrated  which  is  capable  of  initiating  gametogenesis. 
This  factor,  mosquito  exf lagellation  factor  (MEF)  is  active  at  very  low 
concentrations,  is  a  heat  stable  dialysable  molecule  and  is  not  bicarbonate 
ion. 

Preliminary  studies  by  light  and  electron  microscopy  have  been  made 
on  the  cytologlcal  events  of  gametogenesis. 

Current  investigations  are  being  directed  towards  clarifying  the 
molecular  mechanisms  involved  in  stimulating  gametogenesis  and  particularly 
towards  the  identification  and  origin  of  MEF  and  the  relationship  of  its 
mechanism  to  that  mediated  by  bicarbonate  ion  and  the  cyclic  nucleotides. 
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Fertilization  and  ookinete  development 

Ualng  P^.  ^a1  Unaceum  studies  on  inhibition  of  fertilization  Indicate 
that  the  majority  of  fertilizations  occur  within  10  minutes  following  the 
first  release  of  microgametes  ±n   vitro.   Further  studies  are  in  progress  to 
examine  the  event  of  fertilization  and  the  basis  of  gamete  interactions. 
These  will  include  an  analysis  of  the  surface  antigens  of  microgametes  and 
macrogametes  before  and  after  fertilization. 

Cultivation  of  ookinetes  from  gametocytes  has  been  achieved  ^  vitro 
in  both  P^.  berghei  and  P^.  gallinacet^n.   In  vitro  formation  of  ookinetes  of 
P^.  berghei  was  found  to  be  dependent  on  temperature,  pH  and  unidentified 
serum  factor(s).   Methods  for  purifying  ookinetes  in  a  state  suitable  for 
biological  and  immunological  studies  were  developed.   The  mature  ookinetes 
of  P^.  berghei  were  found  to  be  capable  of  Infecting  Anopheles  stephensi 
mosquitoes. 

Proposed  Course 

The  following  Investigations  will  be  pursued  in  the  coming  year  with 
a  view  to  gaining  a  more  complete  understanding  of  the  developmental  biology 
of  the  sexual  stages  of  Plasmodium. 

1.  Study  of  the  conditions  for  production  of  functional  gametocytes 
of  malaria  parasites,  especially  P^.  falciparum,  in  vitro.  ' 

2.  Further  studies  on  factors  responsible  for  maintaining  synchrony 
in  malarial  infections. 

3.  Further  studies  on  the  physiological  controls  of  gametogenesis 
with  particular  emphasis  on  the  role  of  mosquito  factors,  cyclic  nucleotides 
and  ion  fluxes. 

4.  Studies  are  being  initated  to  examine  the  antigenic  relationship 
between  male  and  female  gametes  and  gametocytes  and  changes  accompanying 
fertilization. 

5.  Studies  are  in  progress  in  attempts  to  complete  the  sporogonic 
cycle  jLn  vitro  using  highly  purified  preparations  of  ookinetes. 

Publications; 

Carter,  R,  and  Nijhout,  M.M. :   Control  of  gamete  formation  (exf lagellatlon) 
in  Malaria  Parasites.   Science,  195:   407-409,  1977. 

Nijhout,  M.M.  and  Carter,  R. :   Gamete  Development  in  Malaria  Parasites. 

I.   In  vitro  stimulation  by  pH  and  Bicarbonate.   Parasitology.   (in  press). 
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Despite  the  tmportnncc  of  E.    hlatolytlca  as  a  pathogen,  little  is 
known  about  the  cell  biology  of  this  organism.   This  may,  in  part,  be  due 
to  scarcity  of  techniques  for  experimentation  with  the  motile  trophozoite 
form  which  is  fragile  and  has  complex  growth  requirements.   Therefore, 
efforts  have  been  directed  toward  establishment  and  exploitation  of  new 
methodologies  for  study  of  E.   histolytica  in  axenic  culture. 

I.  Growth  of  Colonies  from  Single  Cells  in  Agar. 

Growth  of  colonies  from  single  cells  in  agar  (clonal  growth)  has  been 
extremely  useful  in  bacteriology  and  in  studies  with  eukaryotic  cells.   How- 
ever, a  method  for  growing  E^.  histolytica  as  colonies  in  agar  has  not  been 
described.  Therefore,  conditions  for  clonal  growth  of  E,   histolytica  in 
agar  were  defined. 

Diluted  suspensions  of  single  cells  were  added  to  test  tubes  90%  filled  ; 
with  molten  agar  at  40°.   Colony  formation  was  greatly  dependent  upon 
solidifying  the  agar  rapidly  in  an  ice-water  mixture,  rather  than  at  room 
temperature.   Colonies  were  macroscopically  visible  in  the  agar  after  4  to 
6  days  incubation  at  36°.   The  colony  forming  efficiency  (CFE)  was  defined 
as  the  percentage  of  cells  inoculated  into  agar  determined  with  the  coulter 
counter)  which  grew  into  colonies.   The  CFE  was  highly  dependent  upon  type  of 
agar  used  and  agar  concentration.   The  optimal  agar  concentration  ranged 
from  0.3%  (W/V)  with  agarose  to  0.5%  with  Difco  Noble  or  Bacto  agar.   Better 
colony  formation  was  obtained  with  the  newly  developed  TYIS-33  medium 
(Diamond)  than  with  the  TPS-1  medium.   Colonies  were  also  easier  to  visualize 
In  the  lighter-colorod  TYIS-33  agar.   Attempts  to  grow  colonies  in  agar  in 
petrle  dishes  under  mineral  oil  or  anaerobic  atmosphere  were  not  successful. 
Eleven  of  the  12  atralna  of  E^.  histolytica  maintained  axenically  in  this 
laboratory  grew  well  In  agar.   The  CFE  ranged  from  50%  for  the  virulent 
strain  HM-1:1MSS  to  13%  for  strain  HB-301:NIH.   All  of  the  3  poikiliotherraic 
species  tested  formed  colonies  in  agar. 

To  date  we  have  only  observed  microscopic  colonies  in  agar  with  the 
E.  histolytica-like  human  strains  Laredo  and  Huff  and  E.   moshskovskii  FIC 
(which  was  isolated  from  sewage) .   These  amoebae  are  not  morphologically 
distinguishable  from  "classical"  E^.  histolytica.   However,  the  two  types 
do  differ  In  several  respects.   Laredo,  Huff,  and  Moshskovskii  are  considered 
not  to  be  pathogenic,  are  capable  of  growth  at  24°,  and  have  recently  been 
shown  to  have  different  surface  properties.   It  would  be  interesting  if  these 
amoebae  did  differ  from  "classical"  E^.  histolytica  in  ability  to  form  colonieB 
in  agar. 

Several  uses  for  this  agar  techinque  have  been  demonstrated.   First,  the 
CFK  Is  a  seiiHlt  I ve,  quantitative,  and  convenient  measure  of  viability  in  a 
ct'l I  populai Ion,  the  criterion  being  the  cell's  ability  to  divide,  as  opposed 
to  mlcrosiopK-  ohsorvatlon  of  motility  and  dye  exclusion.   In  a  pilot  study 
the  amebicidal  and  amebistatic  concentrations  of  the  drug  metronidazole 
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determined  by  the  agar  method  were  the  same  as  those  determined  previously 
(by  Diamond  and  Bartgls)  using  liquid  axenic  culture  techniques. 

Secondly,  the  agar  method  has  been  employed  to  isolate  clones  of 
E.  histolytica:   care  must  be  taken  that  each  colony  has  arisen  from  a 
single  cell.   Diluted  cell  suspensions  are  examined  microscopically  before 
and  after  mixing  with  agar  to  insure  that  the  cells  are  well  dispersed. 
Secondly,  prior  to  isolation,  colonies  are  examined  microscopically  and 
only  well-isolated  colonies  are  chosen.   Fifteen  of  16  attempts  to  remove  a 
colony  from  agar  and  culture  it  in  liquid  medium  were  successful.   The 
twelve  clones  of  the  virulent  strain  HMl  which  were  studied  did  not  differ 
greatly  in  CFE  or  colony  morphology  from  the  parental  population  when  they 
were  retested  in  agar.   Each  gave  both  large  and  small  colonies  with 
Irregular  outlines.   The  virulence  of  the  12  clones  for  newborn  hamster 
liver  did  not  differ  significantly  from  that,  of  uncloned  control  cultures 
(with  Mattern  and  Kelster) ,  in  contrast  to  earlier  micro-isolated  clones 
which  had  greatly  decreased  virulence. 

The  colonies  of  each  of  the  E^.  histolytica  strains  tend  to  be  fluffy, 
rather  than  solid  and  compact.   It  does  not  appear  that  colony  morphology  or 
size  will  be  a  useful  trait  for  distinguishing  between  strains  of  Entamoeba. 

Microscopic  observation  reveals  that  individual  cells  within  colonies 
in  agar  are  somewhat  motile,  but  free  cells  are  not  observed  in  agar  outside 
of  the  colonies.   Thus  one  may  speculate  that  progeny  stay  together  and  form 
a  colony  because  the  cells  are  attracted  to  one  another. 

In  the  future,  we  hope  to  test  this  hypothesis  and  to  use  the  agar 
method  to  isolate  mutants  of  E.    histolytica.  We  have  begun  to  use  the  agar 
method  to  compare  the  sensitivities  of  E^.  histolytica  and  _E.  invadens  to 
physical  agents  such  as  cold,  heat,  and  ultra-violet  irradiation. 

II.  Determination  of  Requirements  for  Motility  of  E.  histolytica  Trophozoites: 
A  Buffer  of  Defined  Composition  for  Short-term  Maintenance  of  Motility 
and  Viability. 

A  ioug-range  objective  is  to  determine  whether  E.    histolytica  has 
chemotactic  capability  le.  whether  cells  are  capable  of  sensing  and  moving 
toward  or  away  from  appropriate  chemical  stimuli.   For  this  study,  a  simple 
non-growth  medium  for  keeping  this  fastidious  organism  alive  and  motile  is 
necessary  since  it  is  likely  that  such  stimuli  could  not  be  detected  by 
the  cells  in  their  complex  growth  medium.   Normally,  Entamoeba  cells  grow 
and  move  on  the  surface  of  their  culture  vessel.  When  the  cells  are  chilled, 
Ih.-y  i-.mnd  lip  niul  arr   i<;isily  dispersed  iis  single  cells  and  can  be  counted, 
diluted,  and  iiHi<d  for  experimentation.   However,  such  cells  never  elongated 
alter  Lliey  wtTo  le-suspended  and  Incubated  in  the  various  balanced  salt 
buffers  which  liad  been  used  for  washing  Entamoeba  cells.   Therefore,  studies 
were  initiated  to  determine  the  requirements  for  motility  of  E^.  histolytica 
trophozoites  and  to  devise  a  non-growth  motility  buffer.   A  serai-quantitative 
scoring  system  was  designed  to  help  determine  optimal  conditions  of  buffer 
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composition,  pH,  and  osmolarity.   High  scores  (scale  of  0  to  10)  for  cell 
attachment,  elongation,  and  motility  (determined  by  microscopic  observation) 
were  favorable,  while  high  scores  for  cell  lysis  and  aggregation  were  unfavor- 
able.  Viability  was  determined  by  the  agar  method,  although  not  In  each 
experiment. 

A  motility  buffer  was  formulated  which  contains  Trls  HCl  (pH  7.0), 
gLucose,  Vli.imln  Mixture  //107,  bovine  serum  albumin,  L-cysteine,  ascorbic 
nci(\   and  InorBunli'  Halts  (NaCl,  KCl,  CaCl2,  MgCl2) .   This  complete  buffer 
waa  adequate  to  maintain  motility  for  9  to  24  hours  at  36°  in  each  of  the 

6  E^.  histolytica  strains  tested. 

The  requirement  for  cysteine  was  absolute:   all  cells  remained  rounded 
in  the  absence  of  cysteine,  while  approximately  30%  of  the  cells  regained 
their  motility  briefly  in  the  absence  of  ascorbic  acid.   D-cystelne  was 
approximately  90%  as  effective  as  L-cystelne,  however  L-cystelne  methyl 
ester,  S-aminoethyl  cysteine,  L-cystine,  cysteic  acid,  glutathione  and 
Coenzyme  A  (both  reduced)  were  totally  inactive.   Ascorbic  acid  in  high 
concentration  could  partially  replace  cysteine.   Thioglycolllc  acid  was 
partially  effective,  but  not  for  all  strains,  while  other  reducing  agents 
such  as  thiomalic  acid,  3-mercaptoethanol  and  dithlothreltol  were  totally 
inactive  in  supporting  motility. 

If  either  glucose,  bovine  serum  albumin  or  vitamin  solution  were  omitted 
from  the  motility  buffer,  cells  became  motile,  but  rounded  up  and  lysed 
sooner  than  controls.   In  contrast  to  studies  with  free-living  amoebae,  the 
ionic  composition  of  the  buffer  could  be  drastically  altered  with  relatively 
minor  effects  on  motility  of  E^.  histolytica  cells. 

In  the  future  wo  hope  to  extend  the  study  of  requirements  for  and 
methanlsm  of  motility  in  E.  histolytica,  to  determine  whether  this  organism 
Lh   capable  ol.  cliemoLaxis,  uud  if  so,  to  study  the  mechanism  of  chemotaxls 
and  Its  possible  relationship  to  the  disease  process. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Further  characterization  and  purification  of  a  circulating  antigen  in 
schistosomiasis  revealed  that  the  material  is  a  large  molecular  weight 
polysaccharide  composed  primarily  of  ^-glucuronic  acid  and  N-acetylgalactosa- 
minp. 

Specific  IgM  and  IgG  antibody  responses  to  this  antigen  can  be  measured  by 
indirect  immunof luorescent  techniques.   Both  IgG  and  IgM  titers  are  highest  in 
acute  infections  and  gradually  fall  to  low  titers  in  chronically  Infected 
patients.   The  fall  in  titer  is  dependent  only  on  the  duration  of  Infection 
and  occurs  despite  continued  intense  antigenic  stimulation.   As  a  diagnostic 
tf'Ht  spc'cirir  I  )',M  .intlbocly  is  found  in  100%  of  active  cases;  the  fcilse 
I'ObiLive  raLu  ia  lj%. 
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The  purification,  characterlzatioa,  synthesis,  metabolic  fate  and 
hoat  response  to  particular  schistosome  antigens  are  studied. 

Previous  studies  suggested  that  a  circulating  antigen  found  in  the 
sera  of  animals  heavily  Infected  with  schiatosomiasis  was  a  large  molecular 
weight  polysaccharide.   Separation  of  a  trichlorocetic  acid  soluble- 
chloroform  insoluble  extract  of  adult  schistosomes  on  DEAE  cellulose 
revealed  that  antigenic  activity  could  be  separated  from  at  least  5  other 
substances.   Analysis  of  a  fraction  that  contained  only  antigenic  material 
revealed  that  the  antigen  was  composed  of  nearly  equal  amounts  of 
D-glucuronlc  acid  and  N-acetylgalactosamine  with  small  amounts  of  amino 
acids  and  other  sugars.   This  antigen  was  found  to  stain  strongly  with 
toluldlne  blue,  weakly  with  PAS,  and  not  at  all  with  protein  stains.   The 
above  confirms  previous  studies  that  suggested  the  polysaccharide  nature 
of  the  antigen;  it  appears  to  be  a  large  molecular  weight  proteoglycan. 

The  proteoglycan  circulating  antigen  was  previously  found  to  originate 
from  the  epithelial  cells  of  the  adult  schistosome.   By  using  indirect 
Immunofluorescent  techniques  on  paraffin  sections  of  adult  worms  fixed  in 
Rossman's  fixative,  antibody  titers  to  this  antigen  have  been  measured  in 
different  groups  of  patients  with  schistosomiasis.   Antibody  titer  was 
dependent  upon  duration  of  infection.   Specific  IgM  and  IgG  titers  were 
both  markedly  elevated  in  patients  with  acute  disease.   Titers  decrease 
in  Peace  Corp  volunteers  who  were  infected  sometime  within  the  past  3  years. 
Chronically  Infected  patients  had  low  but  detectable  levels  of  antibody 
despite  high  egg  excretion  rates.  Titers  were  independent  of  the  egg 
excretion  rate,  disease  present,  and  species  of  schistosome  present.   IgM 
specific  antibodies  were  more  sensitive  in  detecting  patients  than  IgG. 
All  patients  with  active  infections  had  detectable  antibody.   In  a  panel 
of  33  patients  without  schistosomiasis  only  one  patient  had  significant 
titers  to  this  antigen.   This  patient  had  a  good  exposure  history  to  the 
pnrnsite.   Tn  experimental  Infections^ antibody  was  easily  detectable  during 
the  third  week  of  infection  thereby  making  this  test  possibly  suitable  for 
diagnosis  of  acute  schistosomiasis.   Additionally,  antibody  was  present  in 
unisex  infections;  this  may  be  the  cause  of  false  positive  reactions  as 
seen  in  one  of  the  above  patients. 

The  secretory  products  of  adult  schistosomes  are  being  studied  by 
.-inalyzing  the  su|)ernates  taken  from  ^  vitro  cultures  of  adult  schistosomes 
previously  exposed  to  labelled  precursors.   Tlitj  klnutics  of  release  of 
large  and  sin.ill  moleiular  weight  products  are  being  analyzed  as  well  as 
separation  of  the  large  molecular  weight  components. 

Attempts  to  demonstrate  polysaccharide  antigen  in  the  sera  or  urine  of 
selected  patients  have  been  unsuccessful. 

Recent  Iv  studies  h.ivi'  lieiMi  initiated  with  other  Investigators  to 
study  the  Interiu'tlon  ol  mast  cells  with  schistosoraules . 
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Further  studies  will  include  a  sensitive  assay  to  proteoglycan  antigen 
using  ELISA  or  radioimmunoassays  and  studies  to  define  the  biologic 
relevance  of  this  antigen  and  other  secretory  antigens. 
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purification  of   a   circulating  antigen   in  schistosomiasis.  J,    Inrounol. 
(In  Press). 
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l;UMMARY    OF    WORK    (200   words   or   less   -   underline    keywords) 

Aspects  of  the  cell  biology  and  immunology  of  host-parasite  interactions  among 
several  intra-  and  extracellular  parasitic  protozoa  are  being  investigated. 
Leishmania  sp.  and  Trypanosoma  sp.  are  being  used  as  models  of  intracellular 
and  extracellular  parasitism,  respectively.   Emphasis  is  placed  upon:  1)  deter- 
mining some  of  the  basic  chemical  and  antigenic  properties  of  parasite  surface 
membranes;  2)  ascertaining  the  nature  and  extent  of  the  interactions  of 
parasite  surfaces  with  specific  host  cell  types;  3)  defining  the  basic 
mechanisms  involved  in  the  intracellular  survival  and  multiplication  of  para- 
sites within  host  cells,  and  4)  attempts  to  determine  the  means  by  which 
parasites  circumvent  host  immuno-defense  systems.   Techniques  used  in  these 
studies  include:  cell  fractionation,  ultracyto-  and  immunochemistry,  electron 
microscopy,  serology,  lectin  binding,  gel  immunoassays,  and  cell  culture. 
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Project  Description  and  Objectives: 

How  parasites  evade  host  immune  responses,  are  nourished,  multiply, 
and  eventually  destroy  the  host  are  questions  being  asked  in  this  investi- 
gation.  Since  all  initial  interactions  between  host  and  parasite  occur  at 
the  level  of  their  respective  cell  membranes,  an  understanding  of  the 
nature  and  physiology  of  these  membranes  is  essential.   It  is  to  this  end 
that  parasite  surface  membrane  structure,  chemical  composition,  antigenic 
nature,  and  physiology  are  being  investigated  specifically  with  regard  to 
leishmaniasis  and  trypanosomiasis.   Further,  parasite  interaction  with 
specific  host  cell  types  and  immune  systems  are  being  studied  to  ascertain 
the  role  of  parasite  surface  membranes  in  infectious  disease  processes. 

Methods  Employed; 

Techniques  used  Include:  1)  fine  structure  (transmission  and  scanning 
electron  microscopy,  ultrastructural  cyto-and  immunochemistry,  and  freeze- 
fracture  and  f reeze-etching  methods);  2)  subcellular  fractionation; 
3)  analytical  and  preparative  polyacrylamide  slab  gel  electrophoresis  and 
isoelectric  focusing;  4)  antibody  and  lectin  agglutination  assays; 
5)  chromatography;  6)  qualitative  and  quantitative  gel  immuno-assays;  and 
7)  in  vitro  cell  culture. 

Major  Findings: 

1.  Immunochemical  identification  of  Trypanosoma  lewisi  exoantigens  as 
surface  membrane  constituents. 

Exoantigens  (RxoArs)  of  parasite  origin  are  demonstrable  in  cell-free 
plflsmo  and  stMuiii  ol  Trypanoaomn  lewisi  infected  rats.   In  collaboration  with 
P. A.  D'Alfsandro  (Cdlumbta  University),  the  cellular  origin  of  trypanosome 
ExoAgH  was  investigated.   ExoAgs  obtained  from  infected  serum  consisted  of 
19  distinct  proteins  and  glycoproteins  ranging  in  apparent  molecular 
weight  from  12.5  to  96  x  103  daltons.   Surface  coat  and  pellicular  membranes 
isolated  from  bloodstream  form  trypanosomes  contained  12  and  16  constituent 
proteins  and  glycoproteins,  respectively  which  were  identical  to  those  ExoAgs 
obtained  from  parasite  infected  serum.   The  3  remaining  unidentified  serum 
derived  ExoAgs  were  presumed  as  either  of  cytoplasmic  origin  or  as  products 
of  proteolytic  cleavage. 

2.  Leishmania  donovani-macrophaae  interactions. 

In  collaboration  with K, -P.  Chang  (Rockefeller  University),  hamster 
peritoneal  macrophages  were  used  to  study  interactions  with  L.  donovani 
amasi  Igoies  (AM)  .ind  iiromast igotes  (PM) .   Living  parasites  survived  for  at 
least  2  weeks  In  mncrophnges,  whereas  glutaraldehyde-killed  AM,  PM,  and 
living  Leishmania  tarentolae  were  eliminated  in  1-2  days.   Amastigotes  were 
more  efficient  than  PM  in  overall  infectivity  to  and  multiplication  in 
cultured  cells.   Light  and  scanning  electron  microscopy  indicated  that 
macrophages  engulfed  living  and  killed  PM  in  a  similar  manner;  and  that 

^B87 


Serial  No.  ZOl  AT  00162-01  LPD 

their  uptake  was  inhibited  by  Cytochalar.in  B.   Further,  using  electron 
microscopy  and  several  lysosomal  markers,  these  parasites  were  not  only 
seen  to  reside  but  to  multiply  within  host  macrophage  lysosomes.   The 
survival  mechanism  of  this  Intracellular  parasite  is  based  apparently  upon 
resistance  to  lysosomal  digestion. 

Definitive  clinical  diagnosis  of  vlceral  leishmaniasis  depends  upon 
identification  of  the  parasite  from  patient  bone  marrow  biopsy  material. 
Therefore,  an  jji  vitro  culture  system  was  devised  using  marrow  derived 
from  infected  hamsters  to  study  various  parameters  of  this  I.,  donovani- 
macrophage  relationship.   The  kinetics  of  infection  in  these  macrophages 
was  followed,  and  the  intracellular  parasites  increased  in  number  by  a 
factor  of  50  to  100  fold  during  a  12  day  period  in  vitro.   These  results 
parallel  those  of  the  ^  vivo  infection.   Further,  using  electron  microscopy 
and  several  lysosomal  markers,  dividing  parasites  were  observed  in  host 
secondary  lysosomes.   Additional  support  for  the  latter  finding  was  adduced 
from  light  microscope  studies  of  infected  bone  marrow  macrophages  pulsed 
with  acridine  orange  and  sucrose  (i.e.  2  compounds  which  are  selectively 
stored  in  lysosomes) , 

In  collaboration  with  D.J.  Wyler  (LPD/NIAID)  human  macrophages  derived 
from  peripheral  monocytes  were  established  ^  vitro  and  infected  with 
1;.  donovani  promastigotes.   The  kinetics  of  parasite  multiplication  are 
being  currently  investigated.   This  latter  system  offers  yet  another  in  vitro 
means  for  the  study  of  human  leishmaniasis. 

3.   Parasite  cell  surface  carbohydrates. 

Various  plant  lectins  and  viable  influenza  virions  were  used  in 
agglutination  assays  with  intact  and  enzyme  treated  L.  donovani  to  adduce 
the  presence  of  specific  sugar  ligands  at  the  promastigote  cell  surface. 
Lectins  bound  at  the  cell  surface  were  visualized  using  a  variety  of  ultra- 
cytochemlcal  methods,  and  bound  influenza  virions  were  observed  directly  by 
electron  microscopy.   The  cumulative  results  indicated  that  OJ-D-mannose, 
N-acetylgalactosaraine,  N-acetylglucosamine,  0<  -L-fucose,  and  an  N-acetylated 
neuraminic  acid  were  constituent  ligands  present  at  the  L^.  donovani  surface 
membrane.   Further,  the  net  negative  surface  charge  on  the  parasites  was 
demonstrated  using  both  agglutination  with  and  fine  structure  visualization 
of  cationized  ferritin.   Results  somewhat  similar  to  those  obtained  for 
L.  donovani  were  likewise  found  with  several  T.  lewisi  developmental  stages. 

Methods  wert>  devised  for  the  isolation  and  purification  of  _L.  donovani 
prom.-ist  igoti'  siir Tnce  membranes.   Mannose  containing  glycopeptides  were 
isolated  from  these  solubillzed  membranes  using  lectin-aff inity  chromato- 
grnphy.   Six  mannosy  l.tted  glycopeptldes  wen-  preHent  In  the  isolated  pjiraslto 
membranes,  and  t-liese  rauned  in  apparent  molecular  weight  Irom  1.4  to  1.1   x  10^ 
daltons.   Results  also  suggested  that  a  microheterogeneity  existed  within 
each  glycopeptide  with  regard  to  the  apparent  degree  of  raannosylation. 
Preliminary  results  also  indicated  that  at  least  one  of  the  glycopeptides 
(MW=  2.1  X  10-*)  was  an  immunogenic  constituent  of  the  parasite  surface 
membrane. 
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4.  AiU  I  body- Induced  modii  Int  Ion  ul  L.    donovanl  Hurfiicr   incmhrMiK'  ;)Mt.  l^i.t'tiN. 

» 
Antibody- Induced  capping  of  h.    donovanl  promastigote  and  amastlgote 
Kurfacf  antigenB  was  demonstrated  using  several  fluorescent  antibody 
1 1'(  lin  Iqut'H.   Capiilng  of  parasite  surface  antigens  wag  time,  temperature, 
cnerf^y,  and  antlliody  concentration  dependent.   Promast  Igotes  showed  tri- 
partite capping,  and  most  of  the  antibody  capped  antigens  were  apparently 
sloughed  from  the  eel]  membrane.   These  results  suggested  a  mechanism  for 
host  antibody-induced  modulation  of  parasite  surface  antigens. 

The  various  aspects  of  L.  donovanl  capping  observed  at  the  light 
microscope  level  were  verified  by  electron  microscopy  using  ferritin  labelled 
antibodies.   Fine  structure  f reeze-fracture  results  indicated  a  random 
distribution  of  intramembranous  particles  (IMP)  in  parasites  treated  with 
normal  serum  and  those  Incubated  with  specific  antibody  under  nonperraissive 
capping  conditions.   However,  in  capped  cells  IMP  were  aggregated  and  moved 
primarily  toward  the  cell  poles  with  concomitant  loss  of  membrane  containing 
IMP  via  sloughing.   Freeze-etching  studies  demonstrated  the  coincidence  of 
aggregated  IMP  with  ferritin  labelled  antibodies  on  the  external  membrane 
face  of  capped  parasites. 

5.  Radlolabeling  of  major  parasite  surface  membrane  constituents. 

The  major  externally  disposed  constituents  of  the  L.  donovanl  promasti- 
gote surface  membrane  were  radiolabeled  using  several  enzyme  mediated 
oxidation  reactions  in  conjunction  with  reduction  via  (■'H)NaBH^.   Cumulative 
results  of  these  studies  indicate  that  the  L.  donovani  surface  membrane 
contains  a  minimum  of  5  major  glycosylated  (i.e.  containing  both  galactose 
and  glucose  and  possibly  their  corresponding  amines)   constituents  of 
apparent  molecular  weights  ranging  from  62  to  >^  300  x  10^  daltons. 

Preparative  Isolation  of  the  various  constituents  is  proposed  for 
t'.liidleii  conciTii  I  n^  llu'tr  chemli'Jil  and  Immunochemical  composition.   Further, 
antlbodU'H  ralBed  In  rabbits  against  Individual  promastigote  membrane  com- 
ponents Hhould  prove  useful  as  probes  for  dissecting  and  characterizing  the 
surface  membrane  of  Llie  corresponding  intracellular  amastlgote  stage  of  the 
parasite. 

Proposed  Course: 

1.  Varioiis  i  miminocluMiilcal  and  lectin  probes  will  be  used  to  further 
elucidate  the  intact  parasite  surface  membrane. 

2.  Chemical,  Immunochemical,  and  lectin  binding  llgands  will  alscj  be  used 
in  the  isolation  of  specific  parasite  membrane  constituents  for  chemical 
and  immunochemical  analyses. 

3.  Interaction  and  fate  of  individual  isolated  parasite  membrane  components 
will  be  studied  with  specific  host  macrophage  populations. 
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Significance; 

Basic  research  concerning  the  molecular  and  structural  composition  of 
parasite  surface  membranes  and  their  interactions  with  specific  host  cell 
types  might  provide  a  basis  for  immunoprophylaxis  and,  or,  a  more  rational 
approach  toward  the  development  of  a  chemotherapeutic  cure  of  these 
diseases. 

Publications; 

Chang,  K. -P.  and  Dwyer,  D.M. :   Multiplication  of  a  human  parasite 
(Leishmania  donovani)  in  phagolysosomes  of  hamster  macrophages  in  vitro. 
Science  193;  678-680,  1976. 

Dwyer,  D.M. :   Cell  surface  saccharides  of  Trypanosoma  lewisi.  II.  Lectin- 
mediated  agglutination  and  fine  structure  cytochemical  detection  of 
lectin  binding  sites.   J.  Cell  Sci.  22:   1-19,  1976. 

Dwyer,  D.M. ;   Antibody- induced  modulation  of  Leishmania  donovani  surface 
membrane  antigens.  J.  Immunol.  117:   2081-2091,  1976. 

Dwyer,  D.M. ;   Leishmania  donovani :  surface  membrane  carbohydrates  of 
promastigotes.   Exp.  Parasitol.  41:  341-358,  1977. 
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More  than  200  strains  of  dengue  virus  (including  all  four  serotypes)  have 
been  isolated  from  children  hospitalized  in  Rangoon,  Burma  with  a  diagnosis 
of  dengue  hemorrhagic  fever  or  acute  fever  of  unknown  origin. 

Dengue  viruses  were  isolated  from  1 i ver  tissue  obtained  at  autopsy  from 
3  patients  who  died  of  dengue  shocl<  syndrome  or  encephalitis  caused  by  dengue 
virus.   No  virus  was  present  in  heart  blood  obtained  at  the  same  time  as  the 
liver  specimens.   Dengue  viruses  also  were  isolated  from  several  nonfatal  cases 
of  encephal i t  is . 

Twelve  strains  of  dengue  virus  were  isolated  from  Aedes  aegypti  mosquitoes 
collected  in  a  random  sampling  of  households  in  Rangoon. 

Dengue  type  2  virus  was  identified  as  the  etiologic  agent  of  an  outbreak 
In  the  Seychel les  (Indian  Ocean). 
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Project  Description: 

Objectives 

1.  To  study  the  epidemiology  and  pathogenesis  of  dengue  and  dengue  hemor- 
rhagic fever. 

2.  Specifically,  to  assess  a),  the  risk  of  primary  versus  secondary 
dengue  Infections  with  respect  to  the  development  of  dengue  shock  syndrome  and 
other  serious  clinical  manifestations  of  Infection  and  b) ,  the  relative  patho- 
genicity of  the  four  different  dengue  serotypes. 

Methods  Employed 

Epidemiologic  and  clinical  studies  were  carried  out  In  the  latter  half 
of  1976  In  Rangoon,  Burma,  an  area  in  which  more  than  I5OO  children  were 
hospitalized  with  a  diagnosis  of  dengue  hemorrhagic  fever  In  both  Id?'*  and 
1975.   All  children  hospitalized  In  Rangoon  are  cared  for  in  a  single 
Institution,  there  Is  excellent  follow-up  of  patients  after  discharge, 
and  a  high  percentage  of  patients  who  die  are  autopsled. 

Relatively  accurate  data  are  available  on  the  number,  ages,  and  geo- 
graphic distribution  of  residents  of  Rangoon  (total  population  approxi- 
mately 2,000,000),  This  Information  along  with  the  generally  cooperative 
attitude  of  the  population  permits  the  execution  of  studies  In  which  a 
statistically  chosen  random  sample  of  the  population  Is  tested  for  the 
presence  and  development  of  dengue  antibodies.   Similarly,  a  sample  of 
households  can  be  tested  for  the  presence  of  dengue- infected  mosquitoes. 

Major  Findings 

More  than  200  strains  of  dengue  virus  (Including  all  four  serotypes) 
have  thus  far  been  Isolated  from  sera  collected  from  more  than  2,000 
children  hospitalized  at  Rangoon  Children's  Hospital  with  a  diagnosis  of 
dengue  hemorrhagic  fever  or  acute  fever  of  unknown  origin.  Laboratory 
work  on  these  specimens  is  not  complete. 

Dengue  virus  was  isolated  from,  or  a  rise  in  dengue  antibody  titer 
demonstrated  in,  several  children  with  severe  clinical  encephalitis, 
including  one  patient  who  died.   Unlike  encephalitis  caused  by  Japanese 
encephalitis  virus,  no  histologic  abnormalities  were  found  In  the  brain 
of  the  fatal  case  nor  was  virus  isolated  from  the  brain  at  autopsy. 
Dengue  virus  was,  however,  isolated  from  the  liver  of  this  patient  post- 
mortem.  Dengue  viruses  also  were  Isolated  postmortem  from  the  liver  of 
two  other  patients  who  died  of  dengue  shock  syndrome. 
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Twelve  strains  of  dengue  virus  were  isolated  from  Aedes  aegypti  mos- 
quitoes  captured  in  the  random  sample  of  Rangoon  dwellings. 

Dengue  type  2  virus  was  isolated  from  ^   members  of  the  crew  of  a  U.S. 
Navy  ship  who  acquired  their  disease  during  a  dengue  outbrealc  in  the  Sey- 
chelles (Indian  Ocean). 

Significance  to  momedlcal  Research  and  the  Program  of  the  Institute 

Despite  the  millions  of  human  Infections  which  occur  annually  and,  the 
many  fatalities  which  have  been  studied  at  autopsy,  the  site  of  dengue  virus 
replication  in  man  Is  still  unknown.   Prior  to  the  studies  undertaken  in  this 
laboratory  dengue  virus  had  been  recovered  only  once  from  the  liver  of  a 
patient  with  dengue  and  some  investigators  considered  even  that  report  sus- 
pect -  possibly  the  result  of  a  laboratory  error.   In  fact,  an  elaborate 
hypothesis  was  developed  to  explain  the  absence  of  dengue  virus  in  tissues 
of  fatal  cases  of  the  disease.   In  view  of  the  present  findings  it  appears 
that  the  failure  to  isolate  dengue  virus  previously  was  largely  the  result 
of  the  employment  of  insensitive  laboratory  procedures.  With  the  recognition 
that  dengue  virus  is  present  in  the  liver  additional  impetus  is  given  to  the 
search  for  the  exact  site  of  virus  replication. 

Although  cases  of  encephalitis  had  been  reported  during  outbreaks  of 
dengue  Infection  In  the  past,  there  has  been  considerable  doubt  as  to  whether 
this  syndrome  actually  was  caused  by  dengue  virus  or  was  a  coincidental  finding. 
The  studies  in  Rangoon  demonstrate  that  severe  and  even  fatal  encephalitis  can 
be  caused  by  dengue  viruses  -  although  the  pathogenesis  of  the  syndrome  appears 
different  than  that  caused  by  related  viruses  such  as  Japanese  encephalitis  and 
St.  Louis  encephalitis  viruses. 

Dengue  viruses  continue  to  increase  in  importance  as  significant  causes 
of  morbidity  and  mortality  in  Southeast  Asia,  on  Pacific  islands,  and  in  the 
Caribbean  area  -  probably  because  of  rapidly  Increasing  urbanization  and  travel 
in  those  areas.   Aside  from  their  world-wide  civilian  and  military  importjtnce, 
major  outbreaks  of  infection  with  these  agents  have  occurred  during  the  past 
several  years  in  a  number  of  the  Pacific  and  Caribbean  Island  groups  which  are 
the  responsibility  of  the  United  States  (American  Samoa,  Marshall  Islands, 
Caroline  Islands,  Guam,  Virgin  Islands,  and  Puerto  Rico).  Moreover,  dengue 
has  occurred  In  Hawaii  and  the  Southern  continental  United  States  in  the  past 
and  could  become  established  there  again.  Obviously,  further  understanding 
of  the  epidemiology  of  dengue  viruses  and  of  the  pathogenesis  of  the  diseases 
they  produce  is  of  practical  value. 

Proposed  Course  of  the  Project 

Data  on  the  relative  risks  of  primary  versus  secondary  dengue  infection 
will  be  obtained  by  comparing  the  prevalence  of  persons  with  no  dengue  antibody 
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in  the  random  sample  of  the  Rangoon  population  prior  to  the  onset  of  the  1976 
dengue  season  with  the  proportion  of  patients  hospitalized  in  1976  with  dengue 
shock  syndrome  tliat  have  primary  dengue  infections. 

Data  on  the  relative  pathogenic  potential  of  the  four  different  dengue 
serotypes  will  be  obtained  by  comparing  the  mix  of  serotypes  of  dengue  viruses 
isolated  from  mosquitoes  in  the  random  sampling  of  Rangoon  residences  with  the 
mix  of  serotypes  recovered  from  hospitalized  dengue  patients  with  disease  of 
various  degrees  of  severity. 

Ail  specimens  necessary  for  the  above  studies  are  in  hand  and  are  being 
processed.  No  further  field  studies  in  Rangoon  are  planned  at  this  time. 
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Karimabad  virus  neutralizing  antibodies  were  found  only  in  Iran  and  the  Soviet 
Union.  Antibodies  against  the  other  5  Phlebotomus  fever  serotypes  were 
uncommon,  suggesting  that  the  latter  agents  Infrequently  infect  man  and  are 
of  little  public  henlth  Importance. 
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characterized"!   Serologic  evidence  of  human  infection  with  this  agent  was 
demonstrated. 
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Project  Description: 
» 

Objectives 

1.  To  study  the  epidemiology  of  sandfly  fever  among  human  populations 
living  In  endemic  areas  of  the  disease. 

2.  To  study  the  antigenic  and  ecologic  relationships  of  viruses  in  the 
Phlebotomus  fever  group. 

Methods  Employed 

Virus  pools  and  antigens  were  prepared  from  Infected  Vero  cells  or  new- 
born mouse  brain.   Identification  of  virus  Isolates  as  well  as  serologic 
studies  of  human  and  animal  sera  were  performed  by  standard  complement  fix- 
ation or  plaque  reduction  neutralization  tests. 

Major  Findings 

A.  Geographic  distribution  and  prevalence  of  human  Infection  with 
Phlebotomus  fever  group  viruses  In  the  Old  World 

Several  thousand  human  sera  from  various  regions  of  Africa,  the  Mediter- 
ranean, Central  and  Southeast  Asia  were  screened  by  plaque  reduction  neutrali- 
zation method  against  8  Phlebotomus  fever  virus  serotypes  occurring  in  the  Old 
World.   Results  of  these  studies  indicate  that  only  the  Naples,  Sicilian  and 
Karimabad  serotypes  are  of  significant  public  health  Importance.  Our  studies 
show  that  the  Naples  and  Sicilian  neutralizing  antibodies  are  common  among 
Inhabitants  of  North  Africa,  the  Mediterranean  littoral  and  Central  Asia  but 
are  absent  from  residents  of  Central  Africa,  Southeast  Asia  and  China.  The 
distribution  of  these  two  virus  serotypes  closely  parallels  the  known  geo- 
graphic distribution  of  Phlebotomus  papatasi,  their  presumed  vector.   In 
contrast,  human  infection  with  Karimabad  virus  seems  to  be  restricted  to 
Central  and  Northeast  Iran  and  adjacent  regions  of  the  Soviet  Union.   Human 
Infection  with  the  other  5  virus  serotypes  present  in  the  Old  World  is  appar- 
ently Infrequent. 

B.  Characterization  of  new  Phlebotomus  fever  virus  serotypes 

Thrfle  new  Phlebotomus  fever  virus  serotypes,  Rio  Grande  from  Texas  and 
I ta I  tuba  and  Alenquer  from  Brazil,  were  received  for  study  and  comparison 
with  other  members  of  this  arbovirus  serogroup.   By  complement  fixation  and 
neutralization  tests,  each  is  antigenlcal ly  distinct,  thus  adding  3  new  sero- 
types to  the  23  previously  recognized  members  of  the  Phlebotomus  fever  group. 
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C.  Characterization  and  studies  on  the  ecology  of  Isfahan  virus 

During  field  studies  on  the  epidemiology  of  sandfly  fever  In  Iran  In 
1975,2  Isolates  of  a  new  rhabdovlrus,  designated  Isfahan  virus,  were  obtained 
from  P_.    papatasi .   This  agent  appears  to  be  a  hew  member  of  the  vesicular 
stomatitis  virus  (VSV)  group.   Its  animal  pathogenicity,  growth  rate,  cyto- 
pathic  effect,  and  plaque  morphology  are  similar  to  those  of  the  other  VSV 
serotypes.   Electron  microscopic  examination  of  the  virus  demonstrated  a 
bullet  shape,  the  presence  of  truncated  particles  and  maturation  at  plasma 
membranes.   Antigenic  relationships  between  Isfahan  virus  and  3  other  VSV 
serotypes  (Cocal,  PIry,  and  Chandlpura)  were  demonstrated  by  complement 
fixation  or  neutralization  tests.  A  high  prevalence  of  Isfahan  neutralizing 
antibodies  was  found  In  human  sera  from  several  regions  of  Iran  and  adjacent 
areas  of  the  Soviet  Union,  suggesting  that  the  virus  may  be  of  some  public 
health  Importance.  All  of  the  residents  over  5  years  of  age  in  the  village 
where  the  virus  was  Isolated  had  been  Infected.  Results  of  our  studies 
suggest  that  the  ecology  of  Isfahan  virus  is  distinct  from  the  other  VSV 
serotypes  and  Involves  chiefly  humans,  gerblls,  and  sandflies,  a  pattern 
also  observed  with  cutaneous  leishmaniasis  and  sandfly  fever  in  Iran. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

Although  sandfly  fever  Is  presumed  to  be  endemic  In  many  areas  of  the 
Middle  East  and  Central  Asia,  little  Is  known  about  the  epidemiology  of  the 
disease  among  indigenous  populations.   Previous  studies  of  sandfly  fever  have 
been  conducted  mainly  on  foreign  military  personnel  stationed  in  the  region, 
consequently  these  investigations  have  been  limited  to  the  clinical  mani- 
festations of  the  disease,  attack  rates  and  mode  of  transmission.   A  number 
of  basic  facts  about  the  epidemiology  of  sandfly  fever  are  still  unanswered 
such  as  the  true  prevalence  of  Infection  among  local  populations,  the  clinical 
spectrum  of  the  disease,  the  prevalence  of  different  virus  serotypes,  the  sand- 
fly species  actually  involved  In  virus  transmission,  the  maintenance  mechanism 
of  the  virus  from  season  to  season,  and  the  possibility  of  an  animal  reservoir. 
The  present  project  is  designed  to  answer  some  of  these  questions. 

Because  of  Its  clinical  similarity  to  foot-and-mouth  disease,  vesicular 
stomatitis  has  long  been  of  Interest  to  veterinary  and  animal  health  personnel. 
Although  little  Is  known  about  the  ecology  of  vesicular  stomatitis  virus  (VSV), 
studies  In     Central  America  and  Panama  Indicate  that  human  infection  with 
VSV  is  fairly  common.   Experimental  infections  of  laboratory  personnel  working 
with  the  virus  suggest  that  it  produces  an  Inf luenza-1 Ike  illness  in  man.   Six 
distinct  VSV  serotypes  are  currently  known.   Five  occur  In  the  Americas  (two 
In  the  United  States)  and  the  sixth  has  been  isolated  in  India  and  Nigeria. 
Two  of  the  known  VSV  serotypes  have  been  associated  with  phlebotomine  sand- 
flies, suggesting  that  these  insects  may  serve  as  vectors  of  the  viruses. 
The  recovery  of  a  seventh  VSV  serotype  (Isfahan  virus)  from  Phlebotomus 
papatasi  in  Iran  Is  therefore  of  interest.  The  high  prevalence  of  Isfahan 
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virus  neutralizing  antibodies  observed  among  rural  Inhabitants  of  Iran  and 
the  Soviet  Union  suggest  that  this  virus,  like  the  Indiana,  New  Jersey  and 
Chandipura  VSV  serotypes,  may  be  of  some  public  health  importance. 

Proposed  Course  of  the  Project 

Because  we  have  specific  Immune  sera  prepared  against  each  of  the  26 
Phlebotomus  fever  and  7  VSV  serotypes,  new  viruses  are  occasionally  submitted 
to  us  for  study  and  Identification.   This  service  will  continue  as  well  as 
occasional  testing  of  human  sera;  however,  no  new  studies  are  planned  and 
most  of  the  work  on  this  project  will  be  terminated. 
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The  natural  history  of  swine  Influenza  is  being  studied  In  Hawaii,  where 
introduction  of  swine  from  other  areas  is  limited  and  few  herds  are  infected 
with  lungworms.   The  objectives  are  to  determine  how  swine  Influenza  virus  is 
maintained  in  nature  between  epidemics  and  to  make  observations  on  the  inter- 
change of  influenza  virus  between  swine  and  man.   It  now  appears  that  epidemics 
of  swine  influenza  occur  on  the  island  of  Oahu  at  about  3-year  intervals.   In 
several  herds  not  infected  with  lungworms,  epidemics  appeared  to  be  autocthonous 
These  and  other  data  support  the  hypothesis  that  swine  Influenza  virus  Is  main- 
tained In  certain  herds  through  chronic  or  latent  Infections  In  breeding  animals 
Epidemic?  occur  when  herd  immunity  Is  low  because  of  replacement  of  breeding 
stock.   Some  common  factor,  perhaps  climate  change,  seems  to  trigger  epidemics 
In  Infected  herds.   Serologic  data  suggest  that  swine  influenza  virus  is  rarely 
transmitted  to  humans.  Antibodies  to  current  human  type  A  Influenza  viruses 
(H3N2)  were  prevalent  In  adult  swine  on  Oahu  and  other  Hawaiian  Islands,  but 
absent  In  pigs  under  one  year  of  age,  Indicating  that  H3N2  viruses  have  not 
become  established  In  swine  In  Hawaii. 
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Project  Description: 


Objectives 


To  determine:   1)  if  latent  or  chronic  Influenza  virus  Infection  in  swine 
is  a  method  by  which  the  virus  is  maintained  In  swine  herds  during  nonepldemic 
periods,  2)  what  factors  are  critical  to  epidemic  spread  of  Influenza  virus 
In  swine,  3)  the  frequency  and  epidemiologic  Importance  of  Interchange  of 
Influenza  viruses  between  swine  and  man. 


Methods  Employed 

Observations  on  the  epidemiology  of  influenza  In  swine  Indicate  that  swine 
influenza  virus  (HswINi)  is  maintained  in  swine  herds  by  methods  other  than 
periodic  relntroduction  from  the  outside.   Dr.  Richard  Shope  developed  the  hypo- 
thesis, supported  by  extensive  eaperlmental  data,  that  lungworms  residing  in 
their  earthworm  intermediate  hosts  can  harbor  a  maslced  form  of  swine  influenza 
virus,  which  becomes  Infectious  when  the  lungworm  Is  acquired  by  a  pig.  Other 
experimental  and  epidemiologic  data,  however,  suggest  that  swine  not  Infected 
with  lungworms  may  develop  latent  Influenza  Infections  with  subsequent  reshed- 
dlng  of  vl rus. 

Retrospective  and  prospective  sero-epldemlologic  and  virologic  studies, 
designed  to  evaluate  the  role  of  lungworms  and  Influenza  virus  latency  In  the 
epidemiology  of  swine  influenza,  are  now  in  progress  In  Hawaii.  Advantages  of 
conducting  such  studies  here  Include  the  relative  Isolation  of  the  Islands  and 
the  apparent  regular  occurrence  of  swine  Influenza  In  swine  herds  not  Infected 
with  lungworms. 

Six  carefully  selected  study-herds  have  been  periodically  tested  for  hemag- 
glutination inhibiting  (Hi)  and  neutralizing  antibodies  to  A/swine 
(HswINi)  and  current  type  A  human  influenza  viruses  (H3N2) .  A  large  number  of 
blood  samples  collected  at  slaughter  or  from  herds  for  brucellosis  tests  have 
also  been  tested.   In  addition  to  observations  In  nature,  an     experiment 
was  conducted  to  test  the  latency  hypothesis.   It  was  similar  In  design  to 
Shope 's       experiments,  except  for  2  Important  differences.   1)  The  experi- 
mental pigs  were  exposed  to  virus  while  passively  immune,  which  resulted  in  sub- 
clinical Infection  without  a  recognizable  active  Immune  response,  perhaps  a  con- 
dition for  the  establishment  of  latent  Infection.  2)  Pigs  were  then  Infected 
with  lungworms  not  exposed  to  virus.  At  appropriate  periods  following  lungworm 
Infection,  activation  of  Influenza  was  attempted  by  Shope's  method  of  periodic 
Injections  of  HemophI lus  suls.  Appropriate  specimens  were  collected  for  virus 
Isolation  attempts.  After  3  or  4  months,  the  pigs  were  killed  and  explants  of 
lung,  lymph  node  and  trachea  from  some  were  cultured  and  monitored  for  virus. 
Thfs  tebhiilque  has  the  advantage  of  eliminating  antibody  that  might  Interfere 
with  virus  isolation. 
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Major  Findings 

In  all,  about  7,000  sera  collected  from  swine  on  6  Hawaii  islands  in  1976 
were  screened  for  HI  antibodies  to  type  A  swine  and  human  Influenza  viruses. 
Antibody  to  swine  virus  was  found  In  herds  on  only  2  Islands.  Of  swine  2  to  'i 
years  of  age  on  Oa^hu,  26-46%  in  33*  of  herds  tested  were  positive  (HI  >^  1:20). 
Until  Dec.  1976,  prevalence  of  antibody  to  the  swine  virus  had  diminished  to 
0.2%  in  animals  less  than  1  year  of  age.  Antibodies  to  human  Influenza  viruses 
were  found  in  swine  sera  from  k    islands,  with  the  highest  prevalence  found  on 
Oahu.   Of  swine  2  to  4  years  of  age  tested  from  Oahu,  33%  In  22%  of  the  herds 
had  H3N2  antibody.  An  analysis  by  age  demonstrated  a  consistent  decline  In 
prevalence  to  0  in  pigs  under  1  year  of  age.  Tests  on  sera  from  swine  (mostly 
adults)  from  Rarotonga,  Cook  islands  and  Tutuila,  American  Samoa,  respectively, 
were  negative  to  both  swine  and  human  viruses. 

A  major  epidemic  of  swine  Influenza  occurred  on  the  island  of  Oahu,  begin- 
ning late  in  Nov.  1976.   It  is  estimated  that  about  50%  of  the  approximately 
200  herds  on  the  island  were  involved.   In  k   herds  under  especially  close  sur- 
veillance, epidemics  appeared  to  be  autocthonous  with  almost  simultaneous  onset. 
These  herds  were  not  Infected  with  lungworms  and  swine  had  not  been  introduced 
from  other  herds.   Of  particular  Interest  is  evidence  that  epidemics  were  limited 
to  herds  l<nown  to  have  been  infected  2* to  3  years  previously.   In  all  of  27  herds 
from  which  adequate  specimens  were  available,  it  was  evident  that  virus  had  cir- 
culated 2  to  3  years  ago  as  well  as  currently.   Furthermore,  10  closed  herds 
known  to  be  serologically  negative  for  the  past  2-3  years,  and  from  which  current 
sera  were  available,  remained  negative.   Because  the  epidemics  were  clinically 
Inapparent  and  diagnosed  in  retrospect  serologically,  there  were  no  opportunities 
to  Isolate  virus  from  swine  with  acute  influenza.   Efforts  to  isolate  virus  from 
one  herd  about  2  weeks  after  onset  yielded  negative  results.  Results  of  attempts 
to  Isolate  virus  from  pigs  born  to  sows  Infected  during  gestation  are  pending. 
Results  to  date  from  the  pig  experiment  are  negative  but  this  experiment  has 
not  been  completed. 

To  evaluate  wild  animals  as  possible  vectors  of  swine  influenza  virus,  18 
mongooses,  2k   rats  and  2  feral  cats  were  trapped  on  3  farms  within  3  months  fol- 
lowing influenza  epidemics.  Antibody  to  swine  influenza  virus  was  found  in  one 
mongoose  and  one  cat,  both  from  the  same  farm.   In  related  experimental  work, 
pigeons  were  resistant  to  swine  influenza  virus,  but  cats  were  easily  infected, 
shedding  virus  for  at  least  5  days. 

Seventeen  people  living  or  working  on  k   farms  where  there  was  serologic 
evidence  of  past  influenza  epidemics  in  swine,  were  bled  about  6  months  before 
the  Nov.  1976  epidemic  and  their  sera  tested  for  antibody  to  swine  influenza 
virus.   Six  on  k   farms  had  HI  titers  of  1:20  to  1:A0.   Following  the  November 
epidemics,  3  serologically  negative  people  on  one  farm  were  rebled  and  tested. 
They  remained  negative.   (Most  of  the  other  farmers  had  been  vaccinated.) 

In  conclusion,  data  obtained  this  year  and  previously  Indicate  that  epi- 
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demies  of  swine  Influenza  have  been  occurring  in  30  to  kO%   of  the  herds  on  the 
island  of  Oahu,  at  approximately  3  year  Intervals,  for  at  least  10  years.  Epi- 
demiologic information  supports  the  hypothesis  that  swine  Influenza  virus  is 
maintained  in  individual  herds  for  long  periods  by  latency  or  chronlcity  of  in- 
fection in  breeding  animals,  with  epidemics  occurring  when  herd  immunity  reaches 
low  levels.   During  epidemic  periods  feral  animals  such  as  cats  may  spread  virus 
between  herds  in  close  proximity.   Some  common  factor,  perhaps  climate  change, 
seems  to  trigger  new  epidemics  In  infected  herds  at  about  the  same  time.   Human 
infection  with  the  swine  virus  has  been  rare.   Unlike  the  swine  virus,  it 
appears  that  H3N2  strains  of  human  influenza  virushawnot  become  established 
In  swine  In  Hawal I . 


Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

New  information  on  the  natural  history  of  swine  Influenza  virus  is  of  con- 
siderable biologic  interest  and  might  provide  insight  into  the  natural  history 
of  human  influenza. 


Proposed  Course  of  the  Project 

Serologic  surveillance  will  be  continued  for  a  few  months  to  determine  If 
swine  influenza  virus  is  spreading,  particularly  on  the  outer  islands,  or  if 
virus  activity  has  been  limited  to  specific  herds  In  certain  locations,  as  in 
the  past.   Further  efforts  are  planned  to  experimentally  demonstrate  latency 
of  swine  influenza  virus  In  swine. 


Publ icat ions 


Wallace,  G.:   Swine  Influenza  and  Lungworms.   J.  Infect.  Pis.  135:'»90-A92, 
1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  purpose  of  this  study  was  to  learn  more  about  the  natural  history  of 
encephalomyocardi tis  (EMC)  Virus  and  its  human  disease  potential.  Results 
indicate  that  although  many  rats  (Rattus  species)  are  naturally  infected 
with  EMC  virus,  they  do  not  usually  develop  an  intestinal  carrier  state  and 
are  probably  not  the  virus  reservoir,  as  generally  presumed. 

Serologic  studies  on  selected  human  populations  in  various  regions  of  the, 
world  show  that  the  prevalence  of  EMC  virus  neutralizing  antibodies  varies    I 
widely,  from  about  1  to  5U.   The  age-specific  antibody  rates  suggest  that 
infection  occurs  primarily  during  childhood.  Sera  from  diabetic,  suspected 
encephalitis  and  myocarditis  patients  were  examined  for  EMC  antibodies.  No 
association  was  demonstrated  between  EMC  Infection  and  these  3  diseases.   The 
results  suggest  that  most  human  cases  of  EMC  Infection  are  probably  asympto- 
matic or  unrecognized. 
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Project  Description: 

Objectives 

1.  To  study  the  epidemiology  of  encephalomyocarditls  (EMC)  virus  infec- 
tion among  wild  and  domestic  animals  in  Hawaii. 

2.  To  study  the  prevalence  and  clinical  manifestations  of  EMC  virus 
infection  among  selected  human  populations. 

Methods  employed 

Examination  of  human  and  animal  sera  for  EMC  antibodies  was  carried  out 
by  standard  plaque  reduction  neutralization  tests.  Virus  isolation  from 
fecal  and  organ  specimens  was  done  in  tube  cultures  of  Vero  cells. 

Major  Findings 

A.  Prevalence  of  EMC  virus  neutralizing  antibodies  among  various  wild 

and  domestic  animals 

Sera  from  12  different  species  of  Hawaiian  mammals  and  birds  as  well  as 
from  humans  were  examined  by  plaque  reduction  neutralization  test  for  anti- 
bodies against  EMC  virus.  The  highest  prevalence  of  antibodies  was  found 
among  rats  (Rattus  sp.) ,  mongooses,  pigs  and  cows.  Lower  rates  were  observed 
In  humans,  cats  and  wild  birds.  The  prevalence  of  EMC  antibodies  acnong 
R.    rattus  on  k   Hawaiian  islands  ranged  from  8  to  863;,  Indicating  considerable 
geographic  variation  in  virus  activity.  Sera  from  selected  rodent  popula- 
tions in  Colorado,  the  Caroline  and  Philippine  Islands,  Panama  and  Iran  were 
also  tested  and  the  results  confirmed  the  association  of  EMC  with  aembers  of 
the  genus  Rattus. 

B.  Experimental  Infection  of  rodents  with  EMC  Virus 

Laboratory-reared  R^.  rattus,  R^.  norveglcus  and  Mus  musculus  were  fed 
3  low-passage  EMC  virus  strains.  The  frequency  of  infection  among  the  ex- 
posed animals  varied  with  rodent  species  and  with  each  virus  strain,  suggest- 
ing differences  in  species  susceptibility  as  well  as  In  strain  Infectlvlty. 
Blood,  urine  and  stool  specimens  were  collected  from  the  animals  for  virus 
isolation  at  regular  Intervals  after  virus  administration.  With  the  excep- 
tion of  single  blood  and  fecal  samples  collected  2k   hours  post-feeding,  no 
virus  was  recovered  from  any  of  the  specimens  from  experimentally  infected 
rodents.   Attempts  to  demonstrate  contact  transmission  among  EMC-infected 
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and  control  mice  caged  together  were  afso  negative.  Results  of  these  studies 
Indicate  that  oral  infection  of  rats  and  mice  Infrequently  produces  an  intes- 
tinal carrier  state  and  that  contact  transmission  among  these  rodents  is  rare. 
The  results  also  suggest  that  rats  are  generally  dead-end  hosts  for  EMC  virus 
and  that  they  are  probably  not  the  source  of  infection  for  other  animal  spe- 
cies, as  generally  prasumed. 

C.  Prevalence  of  EMC  virus  infection  among  selected  human  populations 

The  prevalence  of  EHC  virus  antibodies  among  selected  human  populations 
in  various  regions  of  the  world  was  determined  by  plaque  reduction  neutrali- 
zation method.  Antibody  rates  among  children  ranged  from  1.0  to  33.9%  while 
those  among  adults  varied  from  3.2  to  50.6%.  No  differences  were  found  in 
the  frequency  of  EMC  infection  between  sexes.  The  pattern  of  age-specific 
antibody  rates  observed  among  the  study  populations  suggests  that  EMC  Infec- 
tion occurs  primarily  during  childhood.  There  appeared  to  be  no  association 
between  the  presence  of  EMC  antibodies  and  potential  exposure  to  rats. 

Sera  from  diabetic,  suspected  encephalitis  and  myocarditis  patients  were 
also  examined  for  EMC  neutralizing  antibodies.  The  prevalence  of  antibodies 
among  these  groups  was  not  significantly  different  from  that  of  control  popu- 
lations In  the  same  geographic  regions.  No  association  was  demonstrated  be- 
tween EMC  Infection  and  these  3  diseases.  The  results  of  this  study  Indicate 
that  EMC  Infection  in  man  is  fairly  common  but  that  most  human  cases  are 
probably  asymptomatic  and/or  unrecognized. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

Encephalomyocarditis  (EMC)  virus,  a  member  of  the  enterovirus  group,  was 
first  Isolated  In  the  United  States  In  IS'^O.   Subsequently  this  agent  has  been 
recovered  from  a  variety  of  vertebrates  and  insects  in  many  different  regions 
of  the  world,  yet  little  Is  known  about  Its  natural  history  or  human  disease 
potential.  Sporadic  reports  In  the  medical  literature  have  associated  EMC 
virus  Infection  with  human  cases  of  central  nervous  system  disease  (aseptic 
meningitis,  encephalitis  and  Gul I lain-Barrfi  syndrome).   In  addition,  several 
epizootics  of  fatal  myocarditis  due  to  EMC  virus  have  been  reported  from  the 
United  States,  Australia  and  Panama.  Recently,  EMC  virus  infection  has  been 
shown  to  produce  a  diabetes  mel 1 Itus-I lice  disease  in  certain  strains  of  Inbred 
mice.  Because  of  the  frequent  association  of  EMC  virus  with  wild  rodents.  It 
is  generally  assumed  that  rats  are  the  natural  reservoir  and  probable  source 
of  Infection.   However,  a  critical  review  of  the  literature  Indicates  that 
there  Is  little  solid  evidence  to  support  this  hypothesis.   The  present  proj- 
ect is  designed  to  learn  more  about  the  ecology  of  EMC  virus  and  Its  human 
disease  potential. 
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Proposed  Course  of  the  Project 

No  new  work  on  EMC  virus  is  planned  in  the  coining  year.  This  project 
will  probably  be  terminated. 


Publ I  cat  ions  I 


Tesh,  R.B.  and  Wallace,  G.D.:  Observations  on  the  natural  history  of 
encephalomyocardltls  virus.  Am  J  Trop  Med  Hyg   (in  press) 

Tesh,  R.B.:  The  prevalence  of  encephalomyocarditis  virus  neutralizing 
antibodies  among  various  human  populations.  Am  J  Trop  Med  Hyg   (in 
press) 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Experimental  wori<.  was  undertalcen  on  the  possible  transovarial  transmission 
by  mosquitoes  of  dengue,  Japanese  encephal it  is  and  other  mosquito-borne  viruses, 
The  experiments  are  still  in  progress. 
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Project  No.  ZOl  AI  00163-01  LPD 
Project  Description: 

Objectives 

To  determine  If  transovarlal  transmission  of  togavlruses  (alphavi ruses 
and  flavlvl ruses)  by  mosquitoes  plays  a  role  in  the  survival  of  these  viruses 
In  nature  during  environmental  conditions  which  are  unfavorable  (winter,  dry 
season,  etc.)  for  their  mosquito  vectors. 

Methods  Employed 

Various  species  of  mosquitoes  (from  laboratory  colonies  or  field-caught) 
were  infected  with  dengue,  Japanese  encephalitis,  and  other  mosquito-borne 
viruses  either  by  intrathoracic  Inoculation  or  by  feeding  on  viremic  hosts  or 
virus-containing  mixtures.   The  progeny  of  these  mosquitoes  were  killed  at 
various  stages  of  their  life  cycle  and  assayed  for  virus  content  either  by  the 
intrathoracic  inoculation  of  ToxorhynchI tes  mosquitoes  or  the  inoculation  of 
Vero  cell  cultures.  ToxorhynchI tes  were  examined  for  virus  Infection  by  direct 
fluorescent  microscopy. 

If  positive  results  are  obtained  In  preliminary  experiments,  F  generation 
mosquitoes  will  be  tested  for  their  ability  to  transmit  virus  to  vertebrate 
hosts.   Also,  attempts  will  be  made  in  endemic  areas  to  recover  virus  from  var- 
ious species  of  field-caught  mosquitoes  which  have  not  fed  on  vertebrate  hosts. 
This  should  provide  data  on  the  possible  role  of  transovarlal  transmission  in 
maintaining  the  viruses  under  study  during  adverse  environmental  conditions. 

Major  Findings 

This  project  was  started  late  in  the  reporting  period  and  preliminary  ex- 
periments are  still  in  progress. 

Significance  to  Biomedical  Research  and  the  Program  of  the  Institute 

The  mechanism  by  which  mosquito-borne  viruses  survive  periods  of  adverse 
environmental  conditions  for  their  insect  hosts  still  is  largely  unl<nown. 
Various  hypotheses  have  been  proposed  Including  chronic  or  recurrent  viremia 
In  vertebrate  hosts,  periodic  re-lntroduct Ion  of  virus  by  migrating  birds  or 
bats  from  more  favorable  environments,  and  persistence  of  virus  in  species  of 
mosquitoes  or  other  arthropods  which  survive  adverse  conditions  In  the  adult 
stage.   Although  survival  by  vertical  transmission  In  mosquitoes  was  one  of 
the  earliest  hypotheses  considered.  It  was  largely  abandoned  when  extensive 
and  careful  laboratory  and  field  studies  failed  to  confirm  Initial  positive 
reports. 
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The  recent?  denx)nst  rat  ion  of  transovarial  transmission  for  several  members 
of  the  California  encephalitis  virus  group  (Bunyavl ridae)  and  the  report  of 
transovarial  transmission  for  a  flavivlrus  (Koutango)  by  French  wortcers  In 
Africa  prompts  us  to  re-examine  the  posstbllty  of  transovarial  transmission  for 
other  mosqu I  to-borne  viruses  of  public  health  importance. 

Mosquito-borne  togavi ruses  include  such  major  causes  of  human  disease  as 
yellow  fever,  dengue,  Japanese  encephalitis,  St.  Louis  encephaHtts,  and  Western 
and  Eastern  encephalitis  viruses.  Knowledge  of  the  mechanism  by  which  these 
agents  survive  adverse  environmental  conditions  offers  the  possibility  of  their 
more  effective  control,  or  even  eradication  from  certain  geographic  areas. 

Proposed  Course  of  the  Project 

If  positive  results  are  obtained  with  any  of  the  viruses  studied,  the  work 
will  be  expanded  to  include  other  mosquito-borne  viruses. 

Publ ications ;  None . 

NOTE:   Please  see  Project  Number  ZOl  Al  00164-01  LPD  for  technical  support 
provided. 
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SUMMARY  OF  WORK  (^00  words  or  less  -  underline  keywords) 

This  contract  (NO  l-AI-02228)  extends  professional  research  capability  (Dr. 
Dean)  of  the  field  lab  of  the  Pacific  Research  Section  and  provides  technical 
support  for  the  existing  professional  staff  of  the  Section. 

The  primary  objective  of  Dr.  Dean's  research  program  is  to  elucidate  the 
epidemiology  and  public  health  significance  of  newly  discovered  viral  and  other 
infectious  agents  of  diarrheal  disease  in  man.   Considerable  time  was  spent  in 
becoming  proficient  in  electron  microscopy  and  various  serologic  procedures. 
Collaborative  studies  have  been  initiated  with  a  clinical  group  in  Hawaii  and 
with  one  in  Rangoon,  Burma.   Rotaviruses  have  been  demonstrated  in  30  per  cent  of 
an  initial  group  of  fecal  specimens  from  Burma  and  antibodies  to  these  agents  are 
common  in  sera  from  various  Pacific  Islands. 

Technical  support  under  the  contract  has  been  mainly  for  the  dengue  and  arbo 
virus  vector  research  (See  Projects  ZOl-AI-00113-05,  00163-01,  00115-03  and 
00114-06  -  all  LPD. 

6 '32 

l'IIS-t-040 
(Rev.  10-76) 


Serial  No.  ZOl  AI  00164-01  LPD 

Project  Description; 

The  objective  of  this  project  is  to  elucidate  the  etiology  and  epidemi- 
ology of  selected  infectious  diseases  in  the  Pacific  region.   Primary 
emphasis  is  on  (1)  infections  whose  epidemiology  may  be  studied  more 
effectively  in  Isolated  Island  populations  of  the  Pacific  and  (2)  on  vector- 
transmitted  Infections,. 

Objectives  of  the  project  are  implemented  in  two  ways: 

(1)  Support  of  a  professional  capable  of  conducting  their  own  independ- 
ent research  program,  and 

(2)  Providing  technical  support  for  existing  professional  field  staff 
of  the  Section  and  their  research  programs. 

Methods: 

Conventional  methods  for  isolation  of  infectious  agents  such  as  bac- 
terial culture,  cell  culture  and-  animal  inoculation  are  used,  as  well  as 
immuno-electron  microscopy.   Serologic  tests  that  are  used  for  demonstration 
of  antibodies  include  virus  neutralization,  hemagglutination-inhibition, 
fluorescent  antibody,  gel  diffusion,  etc.   In  addition,  an  insectary  is 
maintained  to  provide  mosquitoes  for  tests  of  virus  transmission  and  for 
recently  developed  techniques  of  direct  intrathoracic  inoculation  of 
mosquitoes  for  isolation  of  certain  arboviruses. 

Conventional  epidemiological  methods  are  used.   Serum  samples  on 
population  groups  are  stored  frozen  for  serologic  surveys. 

Major  Findings; 

1.  No  virus-like  particles  were  found  by  electron  microscopy  and 
immune— electron  microscopy  of  feces  and  jejunal  aspirates  from  specinens  of 
the  1969  outbreak  of  diarrheal  disease  at  Clark  Air  Base  in  the  Phillipine 
Islands  that  had  been  previously  studied.   Thus,  the  new  rotaviruses  can 
probably  be  ruled  out  as  the  etiologic  agent  for  this  outbreak. 

2.  Arrangements  have  been  completed  and  specimens  are  being  collected 
on, patients  with  diarrheal  disease,  as  well  as  matched  controls,  presenting 
to  a  Honolulu  medical  facility.  An  important  issue  here  is  to  study  intra- 
familial  spread  of  virus.   No  results  are  available  as  yet  from  this  work. 

3.  Some  20  fecal  specimens  from  children  with  diarrhea  studied  at  the 
Rangoon  Childrens'  Hospital  in  Burma  were  found  to  contain  rotaviruses  in 
30  per  cent  by  electron  microscopy. 

4.  Serologic  testing  for  prevalence  of  antibody  from  populations  of 
various  Pacific  Islands  have  revealed  antibodies  to  a  representative  rota- 
virus in  10  to  37  per  cent  of  the  populations. 
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Serial  No.  ZOl  AI  00164-01  LPD 

■).   Set'  tlif  followlnj;  otticr  jirojects  given  technical  support  from  this 
project  for  additional  results: 

ZOl-AI-00113-05  LPD 
ZOl-AI-00114-06  LPD 
ZOl-AI-00115-03  LPD 
ZOl-AI-00163-01  LPD 

Future  Course  of  the  Work: 

The  studies  of  diarrheal  disease  in  Honolulu  with  emphasis  on  evidence 
for  intrafarailial  spread  will  be  continued.   Some  adjustments  to  other 
population  groups  or  clinics  may  be  necessary  as  experience  is  gained  in 
degree  of  cooperation,  facilities  for  study,  etc. 

Studies  will  also  be  continued  on  diarrheal  disease  in  other  populations 
for  comparative  purposes.   The  possibility  of  collaboration  with  the  Dacca 
Cholera  Unit  In  Bangladesh  is  being  considered. 

Technical  support  under  the  contract  will  continue  to  be  provided  to 
the  other  projects  of  the  Pacific  Research  Section. 
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Summary  Statement 
Office  of  the  Chief 
'         Laboratory  of  Immunology 

July  1,  1976  through  September  30,  1977 

Identification  and  Genetic  Characterization  of  a  A  Allotypic  Marker  in  The 
Mouse 

In  the  mouse,  three  principal  classes  of  immunoglobulin  polypeptide  chains 
have  been  described,  the  heavy  (H)  chain  and  two  groups  of  light  (L)  chains, 
kappa  (k)  and  lambda  (A).   The  characterization  of  H  chain  genetics  has 
proceeded  rapidly  in  recent  years,  largely  because  of  the  existence  of 
genetic  polymorphism  of  Fc  portions  of  H  chains  with  resultant  allotypic 
antigenic  markers.   Among  other  things,  the  existence  of  such  allotypes 
has  allowed  a  direct  demonstration  of  the  linkage  of  V^  and  C  genes  and 
is  now  yielding  data  on  the  genetic  extent  of  this  complex  locus. 
Unfortunately,  no  comparable  allotypic  markers  had  been  available  for  L 
chains.  During  the  past  year,  such  an  allotypic  antigenic  determinant 
has  been  demonstrated  on  the  A  class  of  L  chains.  Antisera  were  prepared 
in  SJL  mice  immunized  with  the  BALB/c  myeloma  protein  HOPCl  (A,  IgG_  ) 
or  with  MOPC  104E  (A,  IgM) .  After  absorption  with  k,  IgG   and  k,  ifM 
myeloma  proteins  both  sera  proved  to  be  specific  for  alloantigens  expressed 
on  A  myeloma  and  Bence-Jones  proteins  but  not  on  k  proteins.   Most  mouse 
strains  bear  the  same  A  allotype  as  BALB/c  (AL  )  but  SJL,  SJA,  BSVS, 
YBR,  and  DE  lack  this  marker.  Breeding  studies  indicate  that  the  AL 
gene  segregates  indep)endently  of  the  IgC..  genes  but  that  it  is  associated 
with  the  VA   gene.  The  latter  is  a  gene  previously  demonstrated  to 
control  the  serum  concentrations  of  A  L  chain.   The  availability  of  this 
alloanti  A^  sera  should  allow  more  detailed  studies  of  the  genetic 
organization  and  localization  of  immunoglobulin  L  chain  genes.   (Lleberman, 
Chien,  Humphrey,  LI/NIAID;  Vrana  and  Potter,  LCBGY/NCI). 

Complementing  Immune  Response  (Ir)  Genes  Must  Be  Expressed  in  a  Single 
Cell 

Immune  responses  to  many  simple  thymus-dependent  antigens  have  been 
shown  to  be  controlled  by  genes  within  the  I-region  of  the  major  histocompat- 
ibility complex.,   Very  recently,  several  instances  of  genetic  control 
mediated  by  two  separate,  complementary  immune  response  (Ir)  genes  have 
been  described.   The  best  studied  example  of  the  requirements  for  two 
separate  Ir  genes  in  order  to  develop  an  immune  response  is  that  of  the 
control  of  responsiveness  of  mice  to  the  terpolymer  of  glutamic  acid, 
lysine  and  phenylalanine  (GL(|))'.   The  response  to  GL(f)  requires  responder 
alleles  of  two  Ir-GLj)  genes,  Ir-GL())a,  located  in  the  I-E  or  I-C  subregion 
and  Ir-GL(i)3,  located  in  the  I-A  subregion.  In  the  past  year  it  has  been 
shown  that  the  function  of  both  Ir-GLjig  and  Iv-GLijia   gene  products  are 
expressed  at  the  cell  surface  or  in  culture  supernatants.   This  has  been 
accomplished  by  showing  that  both  anti-I-A  and  antl-I-C  (or  perhaps 
anti-I-E)  sera  could  block  antigen-specific  activation  of  T  cells  from 
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GLij)  primed  donors  indicating  that  blocking  the  function  of  either  Ir-GL(j)B 
or  Ir-GL(|)a  gene  products  of  living  cells  could  be  accomplished  by  specific 
anti-la  sera.   Furthermore,  both  genes  have  to  be  expressed  in  the  same 
cell,  as  shown  by  the  fact  that  radiation  chimeras  consisting  of  Ir-GLijia  , 
Ir-GL^g  and  of  Ir-GL(j)a  ,  Ir-GL^ig  cells  are  unresponsive  to  GL(J>, 
while  comparable  animals  containing  Ir-GL(l)a  ,  Ir-GLjjg  cells  respond 
well.   Finally,  In  order  for  T  cells  from  a  GLij)  primed  donor  to  be 
activated  in  vitro  by  GL(|i-pulsed  macrophages  the  macrophages,  must  be 
derived  from  an  Ir-GL<|m  ,  Ir-GL<{)g  donor.  Thus,  it  seems  quite  likely 
that  both  Ir-GL<})a  and  g  gene  products  mugt  be  expressed  at  the  surface 
of  the  same  cell,  presumably  a  macrophage,  if  the  T  cell  is  to  be  activa- 
ted.  This  work  aids  in  our  understanding  of  the  cellular  and  molecular 
basis  of  Ir  gene  function.   (Schwartz,  Yano  and  Paul,  LI/NIAID;  Dorf  and 
Benacerraf,  Harvard  Medical  School,  Boston,  Ma.;  Cudkowicz,  State  Univ. 
of  N.Y.,  Buffalo,  N.Y. ;  David,  Washington  Univ.,  St.  Louis,  Mo.) 

Role  of  I-Reglon  Gene  Products  in  T  Lymphocyte  Activation 

Previous  studies  from  this  and  collaborating  laboratories  have 
indicated  that  I-region  gene  products  play  a  key  role  in  T  lymphocyte 
activation,  very  likely  by  controlling  the  interaction  of  antigen- 
presenting  macrophages  and  T  lymphocytes.   An  analysis  of  the  results 
suggests  that  antigen-specific  T  cells  recognize  both  the  specific 
antigen  presented  by  the  macrophage  and  the  la  determinants  borne  on 
that  cell.   This  leads  to  the  idea  that  histocompatibility  determined 
restrictions  in  interaction  between  primed  T  lymphocytes  and  antigen- 
pulsed  macrophages  are  due  to  the  selective  stimulation  of  clones  of  T 
cells  which  recognize  antigen  and  self  la  determinants  because  physio- 
logic priming  in  vivo  makes  use  of  syngeneic  antigen  presenting  cells. 
If  that  is  correct,  it  would  be  expected  that  unprimed  T  lymphocytes 
could  be  immunized  Jji  vitro  by  antigen-presented  on  allogeneic  macro- 
phages and  that  cells  primed  in  this  way  could  thereafter  be  restimulated 
by  antigen  on  the  allogeneic  macrophages  used  in  priming  but  not  by 
antigen  on  syngeneic  macrophages.   This  was  shown  to  be  the  case  by 
taking  strain  13  guinea  pig  lymph  node  cells,  depleting  them  of  allo- 
reactive  potential,  and  then  culturing  them  with  strain  2  macrophages 
which  had  been  derivatlzed  with  trlnitroben/.ene  sulfonate  (TNP)  .   Upon 
rorulturo,  thcnr  \n   vlfro  prlmod  T  lympliocytes  could  respond  to  TNP- 
(ler  Ivnt  l/.r«(i  Hlrtilu  2  iiwtcropha^eH  but  not  t>>  TNr-Ufr  I  vmL  l/.i-il  wtr;iln  II 
macrophages.   That  the  la  determinants  of  the  antigen-pulsed  strain  2 
macrophages  were  critical  to  this  response  was  shown  by  the  finding  that 
antisera  directed  at  strain  2  la  molecules  blocks  this  1^  vitro  activation 
but  antibodies  specific  for  strain  13  la  antigens  had  no  effect.   This 
result  strongly  suggests  that  T  cell  recognition  is  a  complex  phenomenon 
in  which  detection  of  both  conventional  antigen  and  histocompatibility 
antigen  is  critical  to  activation.  (Shevach,  Thomas,  and  Yamashlta, 
LI/NJAID). 
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Structure  and  Preliminary  Amino  Acid  Sequence  of  Guinea  Pig  la  Antigens 

The  major  histocompatibility  complex  (MHC)  of  mammalian  species 
contains  several  genes  which  code  for  membrane  glycoproteins  which  exist 
in  highly  polymorphic  forms.   One  set  of  these  genes,  the  I -region 
genes,  encode  the  la  antigens  which  appear  to  be  critically  involved  in 
the  regulation  of  specific  immune  responses,  the  collaboration  between 
immunocompetent  cellH,  and  the  initiation  of  mixed  lymphocyte  responses. 
Laboratory  of  Immunology  scientists  have  established  that  in  the  guinea 
pig  three  distinct  types  of  la  antigens  exist.   In  each  case  a  polypeptide 
chain  of  '^   25,000  daltons  is  found  either  associated  covalently  with  a 
33,000  dalton  chain,  non-covalently  associated  with  such  a  chain  or  not 
detectably  associated  with  a  higher  molecular  weight  chain.  Amino  acid 
sequence  analysis  of  the  25,000  dalton  chain  from  two  of  these  molecular 
forms  of  la  and  of  two  allelic  types  has  been  initiated.  The  techniques 
used  have  involved  culturing  lymphoid  cells  in  medium  containing  a 
mixture  of  several  H  amino  acids  of  high  specific  activity,  isolation 
of  the  biosynthetically  labelled  membrane  la  antigens  and  determination 
of  sequence  using  the  automated  sequencer  and  high  pressure  liquid 
chromatography  for  analysis.  Preliminary  evidence  indicate  that  light 
(L)  la  chains  obtained  from  distinct  types  of  la  molecules  or  from 
distinct  allelic  forms  of  the  same  type  are  different  from  each  other  in 
their  N  terminal  sequences.   This  analysis  will  be  continued  in  order  to 
determine  whether  the  la  L  chain  is  encoded  in  the  MHC,  the  nature  of 
type  and  allelic  differences  between  la  L  chains,  and  to  establish 
whether  microheterogeneity,  which  might  be  associated  with  an  antigen- 
binding  site,  exists  in  la  polypeptide  chains.  (Waxdal,  Clement,  Shevach 
and  Paul,  LI/NIAID;  Schwartz,  Washington  University  School  of  Medicine, 
St.  Louis,  Mo.) . 

Pre-B  Lymphocytes  Display  Allelic  Exclusion  for  k  Chain  Genes 

Recently,  a  primitive  lymphoid  cell  which  possesses  cytoplasmic 
immunoglobulin  M  (IgM)  but  lacks  easily  detectable  membrane  Ig  has  been 
described.   This  cell  is  present  in  the  liver  of  mouse  fetuses  as  early 
as  12  days  of  gestational  age  and  is  found  in  bone  marrow  of  young  and 
adult  animals.   Current  evidence  suggests  that  this  cell  is  the  earliest 
identifiable  preciirsor  of  B  lymphocytes  and  it  is  now  tentatively  de- 
signated as  a  "pre-B"  cell.  Laboratory  of  Immunology  scientists  working 
with  colleagues  at  the  University  of  Alabama  have  shown  that  such  prim- 
itive precursor  cells  can  also  be  demonstrated  in  rabbits.  When  such 
pre-B  cells  are  obtained  from  rabbits  which  are  heterozygous  for  b  locus 
(k  chain)  allotypic  antigens.  Individual  cells  express  only  one  of  the 
alternative  allotypes.   This  indicates  that  allelic  exclusion,  and  the 
resultant  commitment  to  synthesizing  k  chains  of  a  single  allotypic 
type,  is  established  very  early  in  the  ontogenetic  history  of  B  cells. 
The  examination  ol  inununo globulin  of  such  cells  promises  to  yield 
important  information  on  the  regulation  of  gene  expression  in  the  immune 
system.  (Simons  and  Mage,  LI/NIAID;  Hayward,  Cooper  and  Lawton,  Univ.  of 
Alabama,  Birmingham,  Alabama). 


703 


Delineation  of  Two  Classes  of  Thymus-Independent  (TI)  Antigens 

Precursors  of  antibody  secreting  cells  are  lymphocytes  which  derive 
from  bone  marrow  and  differentiate  Independently  of  thymic  Influence. 
Responses  of  these  B  lymphocytes  can  be  stimulated,  In  the  absence  of 
thymus-dependent  (T)  lymphocytes,  by  certain  classes  of  antigens  which 
are  designated  thymus -Independent  (TI)  antigens.   It  has  nqw  been  shown 
that  the  TI  antigens  should  themselves  be  subdivided  based  on  two  functional 
criteria.   These  criteria  are  the  relative  ability  to  stimulate  TI- 
responses  by  neonatal  B  lymphocytes  and  the  ability  to  stimulate  TI 
reeponncR  by  colls  from  miio  with  the  CBA/N  immune  defect.  Three  TI 
imtlK«MUi,  trlnltropht'nyl  (TNI')-llpt>|)olyHaccharlde,  TNP-Brucella  abortus 
and  TNr-pi)lyacryl«mldo  beadH  have  boon  Bhown  to  caune  TI  responses  by 
neonatal  B  lymphocytes  and  by  B  lymphocytes  from  mice  with  the  CBA/N 
immune  defect.  These  are  referred  to  as  TI-1  antigens.   On  the  other 
hand,  TNP-Flcoll,  levan,  dextran  and  pneumococcal  polysaccharide  fall  to 
stimulate  responses  by  neonatal  or  CBA/N  B  cells.   They  are  referred  to 
as  TI-2  antigens.   TI-1  and  TI-2  antigens  can  also  be  shown  to  differ 
from  each  other  in  the  role  which  membrane  IgD  plays  in  lymphocyte 
activation.   Alloantisera  were  prepared  which  specifically  recognize 
allotypic  determinants  on  the  6  H  chain.   These  alloantl-6  sera  markedly 
inhibit  the  primary  ±n   vitro  response  to  the  prototype  TI-2  antigen  TNP- 
Flcoll  but  have  no  effect  on  responses  to  the  TI-1  antigen  TNP-BA.   This 
suggests  that  IgD  is  a  critical  membrane  receptor  in  responses  to  TI-2 
antigens  but  may  be  much  less  important  in  responses  to  TI-1  antigens. 
(Hosier,  Mond ,  Zitron  and  Paul,  LI/NIAID) . 

Identification  of  a  B  Lymphocyte  Differentiation  Antigen  Not  Expressed 
by  Cells  of  a  Genetically  Deficient  Mouse 

Mice  of  the  CBA/N  strain  have  an  X-llnked  genetic  deficiency  in  the 
function  of  thymus-lndependent  (B)  lymphocytes.   These  mice  fall  to 
respond  to  certain  thymus-lndependent  antigens  (TI-2  antigens)  while 
they  respond  relatively  normally  to  other  thymus-lndependent  antigens 
(TI-1  antigens) .  They  express  abnormalities  in  the  density  and  class 
distribution  of  membrane  Immunoglobulin,  fall  to  express  the  antigenic 
determinants  which  stimulate  Mis  determined  mixed  lymphocyte  responses, 
and  are  deficient  in  antibody  dependent  cell  mediation  cytotoxicity  for 
nucleated  target  cells.   This  year,  an  antibody  was  prepared  which 
identifies  a  differentiation  antigen  expressed  by  the  class  of  B  lymphocytes 
lacking  in  mice  with  CBA/N  immune  defect.   C57BL/6  mice  were  immunized 
with  DBA/ 2  spleen  cells;  the  resultant  antiserum  was  extensively  absorbed 
with  thymus  and  spleen  cells  from  (CBA/N  x  DBA/2)F,  male  mice,  which 
express  the  CBA/N  Immune  defect.   The  absorbed  serum  did  not  lyse  ^^ 
male  cells  but  was  cytotoxic  for  '^   80%  of  Ig  ,  complement  receptor 
(CR  )  lymphocytes  from  immunologically  normal  (CBA/N  x  DBA/2)Fj^  female 
mice.   This  antigenic  determinant,  Lyb  5.1,  was  not  found  on  T  lymphocytes 
nor  on  Ig  ,  CR  B  lymphocytes.   In  normal  Lyb  5.1  positive  strains, 
reBponHGH  to  trini trophenyl  (TNP)-Flcoll,  the  prototype  Tl-2  antigen, 
wcri!  nblalfil  by  ;mll-Lyl)  '>.l  find  complement  treatment.   This  indicates 
that  there  In  a  functional  hott'rogeneity  of  B  lymphocytes  in  normal 
strains  with  responsiveness  to  TI-2  antigens  limited  to  Lyb5  cells. 
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Anti-Lyb  5.1  provides  a  powerful  tool  with  which  to  dissect  the  functional 
properties  of  such  B  cell  subsets.   (Ahmed,  Scher,  Smith  and  Sell,  Naval 
Medical  Research  Institute;  Paul,  LI/NIAID;  Sachs,  IB/NCI) . 

Stimulation  of  B  Lymphocyte  Proliferation  by  Anti-p  Antibodies 

Although  the  capacity  of  anti- Immunoglobulin  (Ig)  antibodies  to 
initiate  proliferation  of  rabbit  B  lymphocytes  has  long  been  known,  most 
attempts  to  demonstrate  similar  response  with  mouse  cells  have  been 
unsuccessful.   In  the  past  year.  Laboratory  of  Immunology  and  Laboratory 
of  Microbial  Immunity  scientists  have  demonstrated  that  specifically 
purified  goat  anti-mouse  p  chain  antibody  is  a  powerful  activator  of 
mouse  B  lymphocytes.   Proliferation  in  response  to  anti-p  does  not 
depend  on  endotoxin  contamination  nor  on  the  presence  of  aggregated  Ig. 
Moreover,  F(ab')2  fragments  of  anti-p  cause  activation  indicating  that 
binding  to  Fc  receptors  is  not  important.   T  lymphocytes  are  not  required 
for  such  B  cell  activation.   The  B  cells  which  are  activated  appear  to 
be  relatively  mature  as  mice  must  be  at  least  3  weeks  of  age  before 
their  cells  respond  and  B  cells  from  immunologically  defecient  CBA/N 
mice  fail  to  proliferate.   Although  anti-y  stimulates  marked  B  cell 
proliferation  it  does  not  stimulate  immunoglobulin  synthesis  suggesting 
that  a  second  signal  is  required  to  complete  B  cell  differentiation  in 
response  to  anti-y.   (Sieckmann,  Mosier,  and  Paul,  Ll/NIAID;  Asofsky, 
LMI/NIAID). 

Characterization  of  Suppressor  Lymphocytes  in  Humans 

One  of  the  important  regulatory  functions  of  the  immunological 
system  is  the  suppression  of  immune  responses.   It  is  known  that  concana- 
valin  A  (Con  A)  will  activate  suppressor  cells  in  mice  and  that  such 
activated  suppressors  will  inhibit  a  variety  of  immune  responses. 
During  the  past  year,  a  study  of  human  suppressor  lymphocytes  was  under- 
taken.  Human  peripheral  blood  cells  were  obtained  and  thymus-dependent  . 
(T)  lymphocytes  were  purified  by  the  E-rosette  technique.   Such  cells 
were  then  tested  for  suppressor  activity  by  culture  with  Con  A  followed 
by  addition  of  Con  A  activated  cells  to  a  mitogen  or  mixed  lymphocyte 
culture  system.   T  cells  capable  of  suppressing  responses  were  found 
among  the  densest  fraction  of  lymphocytes  when  separated  by  buoyant 
density.  When  suppressor  activity  was  studied  in  patients  with  systemic 
lupus  erythematosus  (SLE) ,  it  was  found  that  in  many  cases  such  activity 
was  deficient.   The  deficiency  appeared  to  lie  in  the  development  and/or 
activation  of  suppressors  rather  than  in  sensitivity  of  responding  cells 
to  suppressor  function.   This  result  strengthens  the  concept  that  a 
major  contributory  factor  in  the  pathogenesis  of  SLE  is  a  disordered  T 
cell  regulation  of  the  Immune  response.  (Sakane  and  Green,  LI/NIAID; 
Steinberg,  A  &  R,  NIAMDD) . 
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Honors,  Awards,  and  Scientific  Recognition 

) 
Laboratory  scientists  play  important  roles  in  the  national  and  internat- 
ional scientific  community.   Many  serve  on  editorial  boards  of  important 
journals.   Dr.  Paul  is  section  editor  for  cellular  immunology  for  the  Journal 
of  immunology  and  Drs.  Green,  Mage,  Hosier  and  Shevach  are  associate  editors 
of  this  journal.   Dr,  Mage  is  chairman  of  the  editorial  board  of  Federation 
Proceedings  and  Drs.  Green  and  Inman  are  members  of  the  Board  of  Reviewers 
of  this  journal.   Drs,  Mage  and  Paul  are  members  of  the  editorial  board  of 
the  Journal  of  Immunologic  Methods  and  Drs.  Green  and  Paul  are  referee  editors 
of  the  Proceedings  oi  the  Society  for  Experimental  Biology  and  Medicine, 
in  addition.  Dr.  Paul  is  an  associate  editor  of  the  Journal  of  Experimental 
Medicine,  Immunological  Reviews,  the  Scandanavian  Journal  of  Immunology  and 
Immunologic  Communications.   Dr.  Green  is  a  member  of  the  editoral  board  of 
Clinical  Immunology  and  Immunopathology,  and  Ms.  Lieberman  is  an  advisory 
editor  of  Immunochemistry.   Dr.  Green  edited  a  book  on  Mechanisms  in  Tumor 
immunology  for  John  Wiley  and  Sons  and  Dr.  Shevach  is  a  member  of  the  editorial 
advisory  board  of  the  FASEB  Handbook  on  Inbred  Strains  of  Laboratory  Animals. 

Dr.  Paul  was  an  organizer  of  the  Third  Immune  Response  (Ir)  Gene  Workshop 
in  Asilomar,  CA.  and  chaired  sessions  at  that  meeting  and  at  the  ICN-UCLA 
Symposium  on  the  Regulation  of  the  Iiranune  Response  in  Park  City,  Utah.   He  gave 
invited  lectures  at  the  Annual  Meeting  of  the  Cooperative  Group  for  the  Study 
of  the  Immune  Response  in  Tokyo,  Japan,  at  the  annual  meeting  of  the  Infectious 
Disease  Society  of  America  in  Chicago,  at  the  Americal  Gastroenterological 
Association  Workshop  on  Immunology  of  the  Gastrointestinal  Tract  in  Aspen, 
Colorado,   at  the  conference  on  New  Directions  for  Research  in  Systemic  Lupus 
Erythematosus  in  Scottsdale,  Arizona,  at  the  University  of  Michigan  Cancer 
Retreat  and  at  the  Fourth  Strasburger  Memorial  Sjnnposium  in  New  York  City. 
In  addition  he  lectured  in  the  American  Association  of  Immunologists 
Survey  Course  in  Immunology  and  in  the  summer  course  on  Methods  of 
Immunologic  Research  and  Diagnosis  conducted  by  the  Center  for  Immunology 
of  the  State  University  of  New  York  at  Buffalo.   Dr.  Paul  is  a  Cbunselor 
of  the  American  Society  for  Clinical  Investigation,  a  member  of  the 
Fellowship  Subcommittee  of  the  Arthritis  Foundation  and  of  the  Travel 
Awards  and  Program  Committees  of  the  American  Association  of  Immunologists. 
He  is  a  member  of  the  White  Cell  Working  Group  on  Function  of  NHLBI  and 
during  the  past  year  completed  a  term  as  a  member  of  the  Transplantation 
and  Immunology  Advisory  Committee,  NIAID. 

Dr.  Mage  was  a  symposium  speaker  at  the  Third  International  Congress 
of  Immunology  in  Sydney,  Australia  and  a  major  participant  at  the  "Woman 
in  Science"  Workshop  held  at  Iowa  State  Univ.   She  is  Secretary  of  the 
Washington,  D.C.  chapter  of  Sigma  Xi  and  is  a  member  of  the  American 
Association  of  Immunologists  Committee  on  the  Status  of  Women  and  Minorities. 
She  completed  a  term  as  a  member  of  the  Allergy  and  Immunology  Study  Section 
of  the  Division  of  Research  Grants,  NIH  during  the  past  year. 

Dr.  Green  was  an  invited  speaker  at  the  Third  Immune  Response  Gene 
Workshop  at  Asilomar,  CA.,  and  was  a  symposium  speaker  at  the  annual  meeting 
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of  tho  Anu>r(c.ui  Society  for  Hematology  in  BoHton,  Mhhh.  aiid  at  ihe   meotlng 
of  the  Society  for  Investigative  Dermatology  in  Washington,  D.C.   He  was 
appointed  to  the  Transplantation  and  Immunology  Advisory  Committee  of  the 

NIAID. 

Dr.  Shevach  was  an  invited  speaker  at  the  Third  Ir  Gene  Workshop 
in  Asllomar,  CA,  at  the  XI  Leucocyte  Culture  Conference  in  Tuscon,      , 
Arizona  and  at  the  ICN-UCLA  Symposium  on  the  Regulation  of  the  Immune 
Response,  in  Park  City,  Utah.  He  was  elected  to  the  American  Society  for 
Clinical  Investigation  and  became  a  member  of  the  Allergy  and  Immunology 
Study  Section  of  the  Division  of  Research  Grants,  NIH.   Dr.  Schwartz 
also  was  an  Invited  speaker  at  the  Third  Ir  Gene  Workshop  and  at  the 
First  International  Symposium  on  Immunobiology  of  Proteins  and  Peptides 
in  Minneapolis,  Minn.   Ms.  Lieberman  was  an  invited  speaker  at  the  VIII 
Homogeneous  Immunoglobulin  Workshop.   Dr.  Inman  was  an  invited  speaker 
at  the  Second  International  Conference  on  Solid  Phase  Methods  of  Protein 
sequence  analysis  in  Montpeller,  France.   Dr.  Hosier  was  a  principal 
participant  at  the  International  Meeting  on  Developmental  Immunobiology 
in  Aberdeen,  Scotland  and  a  Guest  Investigator  at  the  Basel  Institute 
for  Immunology.   In  addition,  laboratory  scientists  present  seminars  at 
major  universities  and  research  institutes  in  the  United  States  and 
abroad. 
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Administrative,  Organizational  and  Other  Changes 

The  Labtjiratory  of  Immunology  continued  to  play  an  Important  role  In 
training  young  immunologists.  During  the  past  year  three  Research 
Associates,  Drs.  Benjamin  Schwartz,  Theodore  Konen  and  Eliot  Goldlngs, 
completed  their  training  in  the  Laboratory  of  Immunology  as  did  Aftab 
Ansari  and  Ian  Zitron  who  were  Visiting  Fellows,  and  David  Thomas  and 
Hans  Potgieter,  who  were  Guest  Workers.   Dr.  Alberto  Chersi  completed  a 
period  as  a  Visiting  Scientist.  Each  of  these  investigators  made 
important  research  contributions  during  their  tenure  in  the  Laboratory 
of  Immunology. 

Drs.  Ronald  Wilder,  Loran  Clement,  Alan  Solinger,  and  Theo  Kirkland 
entered  the  Laboratory  as  Research  Associates.   Dr.  Virgil  Woods  joined 
the  Laboratory  as  a  Guest  Worker,  and  was  subsequently  converted  to  a 
Research  Associateship.  Dr.  Toby  Hecht  was  appointed  to  a  Senior  Staff 
Fellowship  and  Dr.  Ellen  Heber-Katz  to  a  Staff  Fellowship  during  the 
past  year.   Drs.  Satoshi  Toyoshlma  and  Subbarao  Bondada  entered  as 
Visiting  Fellows  while  Drs.  Constantin  Bona,  Kathryn  Stein,  Reinhardt 
Burger  and  Harley  Tse  joined  the  Laboratory  as  Guest  Workers. 

During  the  past  year,  the  Laboratory  of  Immunology  research  program 
was  reviewed  in  depth  by  the  Board  of  Scientific  Counselors,  as  part  of 
a  review  of  immunological  research  in  the  NIAID  intramural  program.   The 
Board  members  were  supplemented  in  this  review  by  a  group  of  ad  hoc 
consultants:  Dr.  Rebecca  Buckley,  Duke  University;  Dr.  John  Cebra, 
Johns  Hopkins  University;  Dr.  Richard  Gershon,  Yale  University;  Dr.  G. 
Jeanette  Thorbecke,  New  York  University;  and  Dr.  Donald  Shreffler, 
Washington  University. 
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possess  an  X-linked  immune  defect  in  B  cell  function;  b)  The  testing  of 
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and  of  V  gene  products  to  the  recognition  and  activation  processes. 
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The  studies  performed  under  this  project  may  be  conveniently  sub-divided 
into  those  dealing  with  the  regulation  of  B  lymphocyte  differentiation  and 
responsiveness  and  those  concerning  the  control  of  antigen-recognition  by,  and 
activation  of,  T  lymphocytes. 

Our  studies  of  B  lymphocytes  have  focused  on  three  general  approaches: 
1)   The  examination  of  the  immune  response  of  CBA/N  mice,  which  have  an  X- 
linked  genetic  defect  in  B  lymphocyte  function,  2)   the  testing  of  the 
function  of  B  lymphocytes  which  possess  or  lack  the  Lyb  5  differentiation 
antigen,  and  3)   investigation  of  the  effects  of  anti-p  and  anti-6  anti- 
bodies on  B  lymphocytes. 

CBA/N  mice  have  an  X-linked  immune  defect  in  B  lymphocyte  function 
characterized  by  failure  to  make  antibody  responses  to  certain  T-independent 
antigens,  diminished  numbers  of  splenic  B  lymphocytes,  abnormal  density  of 
membrane  immunoglobulin  and  unusual  ratio  of  membrane  IgM  to  membrane  IgD, 
failure  to  stimulate  Mis  determined  mixed  lymphocyte  responses  and  diminished 
antibody  dependent  cell  mediated  cytotoxicity  to  nucleated  target  cells. 

The  principal  new  findings  during  the  period  of  this  report  include  the 
identification  of  a  B  cell  differentiation  alloantigen  which  falls  to  be 
expressed  on  cells  from  mice  with  the  CBA/N  immune  defect.   A  C57BL/6  anti- 
DBA/2  spleen  cell  serum  was  extensively  absorbed  with  thymus  and  spleen  cells 
from  (CBA/N  x  DBA/2)  F  male  mice,  which  are  hemizyhous  for  immune  defect 
gene  (Id-1) .   The  serum  could  no  longer  mediate  complement  dependent  cyto- 
toxicity of  (CBA/N  X  DBA/2)  F  male  cells  but  was  capable  of  killing  '^SOZ   of 
Ig  complement  receptor  (CR)  Bearing  lymphocytes  from  immunologically  normal, 
(CBA/N  X  DBA/2)  F  female  mice,  which  are  heterozygous  for  Id-1.   This  anti- 
serum, termed  nnti-Lyb  5,  does  not  lyse  appreciable  percentages  of  Ig  lymph- 
ocyteH  nor  of  ly,   CR  iympliocytes  from  normal  donors  indicating  that  it  is  a 
mnrkor  ol  .i  siib.st't  ol  B  lymphocytes,  presumably  that  lacking  in  mice  with  the 
CliA/N  defiHt.   MJce  of  the  l)UA/2,  DBA/1,  C3H,  and  CE/J  Strains  possess  the 
I,yb  5.1  allelic  form  of  this  gene  while  other  strains  tested  lack  this 
allelic  form.   Detailed  studies  are  now  in  progress  to  identify  the  genetic 
localization  of  Lyb  5  and  to  determine  the  function  of  Lyb  5  bearing  cells 
in  normal  strains  by  killing  them  with  anti-Lyb  5.1  and  complement  and 
assessing  the  immune  reactivity  of  the  residual  cells.   Preliminary  results 
Indicate  that  the  In  vitro  and  in  vivo  immune  response  to  2,4,6  trinitrophenyl- 
Ficoll  (TNP-Ficoll)  can  be  abolished  by  treatment  of  cells  with  anti-Lyb  5 
and  complement  (C)  whereas  responses  to  TNP  conjugates  of  Brucella  abortus 
(BA)  are  at  least  partially  resistant  to  anti-Lyb  5  and  C.   Although  TNP- 
Ficoll  and  TNP-BA  are  both  thymus- independent  antigens,  we  have  recently 
shown  that  they  are  representitive  of  two  distinct  types  of  TI  antigens 
distinguishable  by  the  ontogeny  of  responsiveness  and  by  the  ability  of 
CBA/N  mice  to  respond  to  them  (see  report  ZOl  AI  00034-05  LI) .   Our  current 
result  indicates  at  least  a  partial  distinction  in  the  differentiated 
state  of  the  B  cells  which  can  respond  to  these  antigens,  Lyb  5  cells 
bring  responsive  to  TNP-BA  but  unresponsive  to  TNP-Ficoll. 
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A  second  major  finding  concerning  CBA/N  immune  responses  was  the 
observation  that  they  are  totally  unresponsive  to  the  phosphorylcholine 
(PC)  hapten  displayed  on  either  TI  or  thymus  dependent  (TD)  carriers.   This 
observation  may  provide  new  insight  into  the  distinctive  requirements  of 
Lyb5  and  Lyb5  B  cells  for  activation. 

A  related  area  of  research  has  concerned  efforts  to  examine  the  function 
of  membrane  IgD  and  membrane  IgM,  both  of  which  are  expressed  on  the  surface 
of  most  mouse  B  lymphocytes.   We  have  prepared  an  alloanti-6  H  chain  reagent 
by  immunizing  C57BL/Ka  mice  with  spleen  cells  from  BALR/c  donors.   The  result- 
ant serum,  when  tested  against  spleen  cells  of  BC8  mice,  which  bear  BALB/c  H 
chain  allotype  genes  and  derive  the  remainder  of  their  genome  from  C57BL/Ka, 
only  Identified  IgD.   This  alloanti-6  reagent  blocks  the  in  vitro  anti-TNP 
antibody  response  to  TNP-Ficoll  but  has  essentially  no  effect  on  the  response 
to  TNP-BA.   This  suggests  that  IgD  is  an  essential  membrane  receptor  for  re- 
sponses to  TNP-Ficoll  (and  presumably  for  the  TI-2  antigens  in  general  of  which 
TNP-Ficoll  is  the  prototype),  while  it  is  not  essential  for  the  responses 
to  TNP-BA  which  is  the  prototype  TI-1  antigen.   As  we  noted  above,  the  TNP- 
Ficoll  response  depends  completely  on  Lyb5  B  cells,  suggesting  that  IgD  is 
essential  for  the  complete  function  of  this  set  of  B  Ijraiphocy tes .   On  the 
other  hand,  TNP-BA  can  stimulate  Lyb5  B  cells,  suggesting  that  IgD  is  not 
mandatory  for  the  response  of  this  cell  type. 

We  have  also  reexamined  the  effects  of  anti-y  antibodies  on  B  lymphocytes 
and  find  that  specifically  purified  goat  anti-mouse  u    stimulates  a  marked 
proliferative  respon.se  on  the  part  of  mouse  B  lympliocytes,  although  no 
Immunoglobulin  synLlu'siH  is  stimulated.   We  huvc  sliown  that  this  stimulation 
is  not  due  to  contaminating  endotoxins  nor  does  it  depend  upon  the  aggregated 
state  of  the  anti-M  antibodies  or  on  the  presence  of  an  Fc  fragment.   Finally, 
since  CBA/N  B  lymphocytes  cannot  respond  to  stimulation  by  anti-y,  it  seems 
likely  that  Lyb5  cells  are  critical  to  this  response. 

This  program  of  research  is  aimed  at  precisely  understanding  the  sub- 
division of  precursors  of  antibody  producing  cells  and  at  defining  the 
antigenic  requirements  and  molecular  mechanisms  for  B  cell  activation.   It 
should  lead  to  greater  insights  into  approaches  to  specifically  enhance  or 
inhibit  human  immune  response  and  this  should  be  of  value  in  vaccine 
development,  immunotherapy  and  immunosuppression. 

This  second  major  aspect  of  this  project  is  the  evaluation  of  the  genetic 
regulation  and  cellular  interactions  involved  in  T  cell  activation.   We 
arc  conLinuing  sLudU's  of  tlie  nature  of  the  antigenic  complex  recognized 
by  pi  iinol  T  J  ympliDcy  I  c;;  and  of  the  role  of  MHC  Ri-iio  products  In  recognition 
of  such  antigens.   In  this  year  our  principal  goals  have  been  to  test  the 
contribution  of  idiotype  bearing  molecules  in  T  cell  activation.   In 
collaboration  with  Dr.  Clifford  Bellone  of  the  St.  Louis  University  School 
of  Medicine,  we  have  studied  the  ±n   vitro  response  of  guinea  pig  T  lympho- 
cytes Lo  trlethylammonlum  azophenyl  tyrosine  (TAT)  and  to  trimethyl- 
ammonhim  (TMA)  ronlnf»,nros  of  proteins.   We  find  that  guinea  pigs  iimnunlzed 
with  TAT  emulsified  in  complete  Freund's  adjuvant  develop  a  set  of  T 
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lymphocytes  which  can  be  stimulated  to  proliferate  in  vitro  with  either  TAT 
or  TMA-protein.   We  are  now  testing  the  capacity  of  antisera  made  to  the 
idiotypic  determinants  of  anti-TAT  antibody  to  block  the  T  cell  response  to 
TAT.   At  the  same  time  the  study  of  the  role  of  I-region  gene  products  in 
restricting  responses  to  TAT  is  being  investigated.   These  studies  are 
aimed  at  establishing  the  genetic  and  structural  relation  between  the 
receptors  of  T  and  B  lymphocytes  which  are  specific  for  the  same  antigen. 
Such  information  will  be  most  valuable  in  the  understanding  of  the  molecular 
bases  of  antigen  recognition  in  the  T  cell  system. 

PUhLlCA'ilONS 

Paul,  W.E.:   Genetic  control  of  specific  interactions  of  immunocompetent 
cells.   Speculation  on  mechanisms  and  general  biological  significance. 
Fed.  Proc.  35:  2044,  1976. 

Paul,  W.E.,  Shevach,  E.M. ,  Schwartz,  B.D.,  Schwartz,  R.H. ,  Finkelman, 
F.D.  and  Green,  I.:   T  lymphocyte  receptors,  antigen  recognition  and 
immune  response  gene.   In  Cell  Membrane  Receptors  for  Viruses,  Antigens 
and  Antibodies,  Polypeptide  Hormones  and  Small  Molecules  (edited  by 
R.F.  Beers,  Jr.  and  E.G.  Basset),  New  York,  Raven  Press,  1976,  p.  313, 

Ben-Sasson,  S.Z.  and  Paul,  W.E. :   Selection  and  enrichment  of  antigen- 
specific  T  lymphocyte  populations.   A  review.   Israel  Journal  of 
Medical  Sciences  12:  414,  1976. 

Janeway,  C.A. ,  Jr.,  Paul,  W.E.,  Werblin,  T.P.  and  Lieberman,  R.:   IgG 
specif  li'  helper  activity  of  T  lymphocytes  from  mice  lacking  the  Ir- 
IgG  gi'ne.   Imrnunogenctjxs  3:  393,  1976. 

Schpr,  I.,  Sh.-irrow,  S.O.,  Wlstar,  R.  ,  Jr.,  Asofsky,  R.  and  Paul,  W.E.: 
B  lymphocyte  lieterogt-nc  Lty :   Ontogenetic  development  and  organ  distribu- 
tion of  B  lymphocyte  populations  defined  by  their  density  of  surface 
Immunoglobulin.   J.  Exp.  Med.  144:  494,  1976. 

Schor,  T.,  Shnrrow,  S.O.  nnd  Paul,  W.E.:   X-llnked  B  lymphocyte  defect 
in  CBA/N  mice.   III.   Abnormal  development  of  B  lymphocyte  populations 
defined  by  their  density  of  surface  immunoglobulins.   J.  Exp.  Med.  144: 
507,  1976. 

Scher,  I.,  Ahmed,  A.,  Sharrow,  S.O.  and  Paul,  W.E.:   Maturation  of 
murine  B  lymphocytes,  in  Development  of  Host  Defenses  (edited  by  M.D. 
Cooper  and  D.  Dayton).   In  press. 

Paul,  W.E.  and  Shevach,  E.M. :   Genetic  regulation  of  lymphocyte  inter- 
action and  activation  in  Development  of  Host  Defenses  (edited  by  M.D. 
Cooper  and  D.  Dayton).   In  press. 


7^^» 


ZOl  AI  00030-09  LI 

Paul,  W.E..,  Shevach,  E.M.,  Thomas,  D.W. ,  Pickeral,  S.F.  and  Rosenthal, 
A.S. :   Genetic  restriction  in  T  lymphocyte  activation  by  antigen- 
pulsed  peritoneal  exudate  cells.   Cold  Spring  Harbor  Symposia  on  Quan- 
titative Biology  XLI  571,  1977. 

Janeway,  C.A.,  Jr.  and  Paul,  W.E.:   The  specificity  of  cellular  immune 
responses  in  guinea  pigs.   III.  The  precision  of  antigen  recognition 
by  T  lymphocytes.   J.  Exp.  Med.  144:  1641,  1976. 

Ahmed,  A.,  Scher,  I.,  Sharrow,  S.O.,  Smith,  A.,  Paul,  W.E.,  Sachs,  D.H. 
and  Sell,  K.W. :   B  lymphocyte  heterogeneity:   Development  and  character- 
ization of  an  alloantiserum  which  distinguishes  B-lymphocyte  differen- 
tiation alloantigens,   J.  Exp.  Med.  145:  101,  1977. 

Paul,  W.E.,  Shevach,  E.M, ,  Pickeral,  S.,  Thomas,  D.W.  and  Rosenthal,  A.S.: 
Independent  population  of  primed  F,  guinea  pig  T  lymphocytes  respond  to 
antigen-pulsed  peritoneal  exudate  cells.   J.  Exp.  Med.  145:  618,  1977. 

Paul,  W.E. :   Immune  responsiveness.   In  Immunogenetics  and  Rheumatic 
Diseases  (edited  by  D.  Brewerton) .   Saunders,  London.   In  press. 

Paul,  W.E.  and  Benacerraf,  B.:   Functional  specificity  of  thymus- 
dependent  lymphocytes.   Science  195:  1293,  1977. 

Paul,  W.E. :   Immune  Effector  Mechanisms:   Duality  of  Recognition 
Functions.   Proceedings  of  the  Fourth  Strasburger  Seminar  on  Immunology. 
Grune  and  Stratton,  N.Y.   In  press. 

Zitron,  I.M. ,  Scher,  I.  and  Paul,  W.E. :   Regeneration  of  surface  Ig  as  a 
measure  of  immunological  maturation  of  CBA/N  mice,  in  The  Immune  System; 
Genes  and  the  Cells  in  Which  They  Function  (Eds.  E.  Sercarz,  L.  Herzen- 
berg  and  C.F.  Fox).   Academic  Press,  New  York.   In  press. 

Ahmed,  A.,  Scher,  I.,  Smith,  A.,  Paul,  W.E.  and  Sell,  K.W. :   Studies 
on  non-H-2  linked  lymphocyte  activating  determinants.   III.   Influence 
of  the  X-chromosome  and  correlation  of  the  density  of  surface  Ig  with 
the  appearance  of  the  mis  product.   Folia  Biologia  22:  423,  1976. 

Mond,  J.J.,  Lleberman,  R. ,  Inman,  J.K. ,  Mosier,  D.E.  and  Paul,  W.E.: 
Inability  of  mice  with  a  defect  in  B  cell  maturation  to  respond  to 
phosphorylfhollne  on  immunogenic  carriers.   J.  F.xp.  Med.   Iti  press. 

I'auL,  W.E.:   Genetic  control  of  cellular  interactions.   Proceedings  of 
the  Third  Ir  Gene  Workshop.  Academic  Press,  New  York.   In  press. 


/  xb 

1 


I'llUJICr    NIIMIUII    (llu    NOT    u-'.o    llih.    t>|m<c) 


III  ALlll,    LDIICAI  IIIN,    AND    Wl  LI  AKI 

I'UiiLK;  iiLALiH  ;.ii(Vii;i 

NOTICE  OF 

INTRAMURAL  RESEARCH  PROJECT 


ZOl  AI  00033-09   LI 


PERIOD  C0V,IIU1) 

July  1,  1976  -  September  30,  1977 

tTTLL    Uh     PHOJtCT    (bo   cfn.r.ictiT;,    or    U-,:.) 

Lymphocyte  Interactions,  Receptors  and  Functions 


NAMES,  LABORATORY  AND  INSTITUTE  AFFILIATIONS,  AND  TITLES  OF  PRINCIPAL  INVESTIGATORS  AND  ALL  OTHER 
PROFESSIONAL  PERSONNEL  ENGAGED  ON  THE  PROJECT 

Principal  Investigator:   Ira  Green,  M.D. ,  Senior  Investigator,  LI/NIAID 


Other  InveHtlgatora:   Or.  Helen  Hu,  Ll/NIAID 

Dr.  Tsuyoshi  Sakane,  LI/NIAID 
Dr.  Theodore  Konen,  LI/NIAID 


COOPERATING  UNITS  (if  any)  „   ^   „  ,  .,   ,  _,         „  ,       ,     „  ,    ,    ^ 

B.  D.  Schwartz,  Washington  University  School  of  Medicine, 
St.  Louis,  Missouri  and  Dr.  Alfred  Steinberg,  National  Institute  of  Arthritis 
and  Metabilic  Disease 

LAB/BlfAijCH  ~  ' 

Laboratory  of  Immunology 

sic  HON 


INSTITUTE  AND  LOCATION      National  Institute  of  Allergy  and  Infectious  Diseases, 
National  Institutes  of  Health,   Bethesda,   Maryland     20014 


TOTAL  MANYEARS: 

5.25 


PROFESSIONAL: 

3.75 


1.50 


CHECK  APPROPRIATE  BOX(ES) 

a  (a)   HUMAN  SUBJECTS 

n  (al)  MINORS   G  {a2)  INTERVIEWS 


t)  (b)  HUMAN  TISSUES 


(J  (c)  NEITHER 


SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

First,  studies  are  continuing  of  the  L„C  leukemia  of  inbred  strain  2 
guinea  pigs.   It  has  been  previously  demonstrated  that  the  tumor  specific  trans- 
plantation antigen  (TSTA)  is  only  immunogenic  when  guinea  pigs  are  immunized  with 
III)  In  poHltlvc  VJirlfiiit  ol  llu-  leukemia.   A  soluble  KCl  extract  has  been  prepared  | 
1 rom  L-C  cellb  thuL  la  also  highly  protective.   Studies  are  now  in  progress  to    I 
Identify  the  molecular  spi'cit-s  of  the  TSTA  in  the  KCl  extract.   Recent  evidence 
suggest  that  the  iimnunogenic  molecule  has  a  M.W.  of  20,000.   Alio  and  autoanti-   | 
bodies  have  also  been  prepared  which  react  with  an  idiotype  present  on  an  IgM  surj- 
face  molecule  but  not  with  la  antigen  molecules  on  the  cell  surface.  | 

StscoiKJ ,  wp  uic  Invi'Ml  iKHt  Ing  Mupprewaor  lymphocyLaa  ol  humano  generated  by 
[•oncanavalln  A  activation.   Such  Hiipprcaaor  cells  have  been  demonstrated  to  be  T 
^■ei  l.'i  that  ri'.'ildf  In  a  I  rail  Ion  ot  particular  buoyant  density.   Suppressor  cells 
:an  be  generated  In  the  absence  of  proliferation.   Suppressor  T  cell  activity 
tias  also  been  studied  in  ten  patients  with  systemic  lupus  erythematosis  (SLE) . 
The  majority  of  these  patients  had  defects  in  the  generation  of  suppressor  cells. 
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This  laboratory  has  been  investigating  a  series  of  guinea  pig  leukemias 
of  B  cell  origin  (L  C  leukemias).   This  leukemia  first  arose  spontaneously 
25  years  ago  in  an  old  strain  2  fanale  guinea  pig.  The  leukemic  cells  have  C3 
receptors  and  surface  IgM  molecules  indicating  their  origin  from  bone  marrow 
derived  B  lymphocytes.   Five  subtypes  of  this  leukemia  have  now  been  identi- 
fied on  the  basis  of  biological  behavior,  serological  characteristics  and 
karyotypic  analysis. 

Four  of  the  five  lines  have  a  tumor  associated  transplantation  antigen 
(TSTA)  as  measured  bj,  the  results  of  immunization  protection  tests.   All  five 
lines  have  surface  IgM  molecules  of  Identical  idiotype.   All  five  lines  have 
n  unique  marker  chromoRome  but  onch  line  Is  distinct.   All  these  leukemic 
Unon  Utivt?   on  their  aurface  tlw  15.1  alloantlKen  (equivalent  of  the  murine 
H-2K  and  H-2D  antigens)  and  four  of  thesa  five  lines  have  on  their  surface 
the  la  alloantigens  normally  present  on  strain  2  lymphocytes. 

A  correlation  was  then  made  among  the  lines  for  the  presence  of  the  la 
antigen  and  the  presence  of  the  TSTA.   The  results  indicated  that  the  four  la 
positive  leukemia  lines  bear  a  TSTA  which  is  able  to  induce  specific  resist- 
ance to  a  subsequent  challenge  with  the  leukemia  cells  of  the  same  line  in 
strain  2  hosts.  In  contrast,  the  la  negative  mutant  line  did  not  possess 
TSTA  as  measured  by  the  same  type  of  immunization  and  challenge  experiments. 
However,  criss-cross  protection  and  challenge  experiments  demonstrated  that 
it  is  not  simply  that  la  negative  leukemia  cells  lack  a  TSTA  but  rather  the 
TSTA  of  this  particular  mutant  is  not  immunogenic. 

Current  Results 

An  ulioniU  Itu'iiuu  waa  prepared  in  n   ntrain  13  nuineu  pig  against  the  iJH 
line  ol  the  sLrain  2  guinea  pig  L„C  leukemia.   This  serum  contained  antibod- 
ies to  both  IgM  and  la  molecules.   After  absorption  with  normal  spleen  cells 
from  a  strain  2  guinea  pig,  this  antiserum  no  longer  reacted  with  strain  2 
cells,  but  detected  idiotypes  on  the  IgM  molecules  of  the  L  C  leukemia.  These 
idiotypes  were  on  the  same  IgM  molecules  detected  by  a  xenogeneic  sheep  anti- 
L  C  Fab  y  antiserum.   As  assayed  by  sodium  dodecyl  sulfate-polyacrylamide  gel 
electrophoresis,  the  idiotype-bearlng  IgM  molecules  were  synthesized  by  the 
cell  surface  as  monomeric  IgM,  and  were  the  only  Immunoglobulin  molecules 
present  on  the  cell.   Although  the  alloantiserum  potentially  contained  anti- 
bodies to  unique  la  idiotypic  determinants,  none  were  found.   Furthermore, 
the  anti-IgM  idiotype  antisera  did  not  react  with  any  la-like  molecules.   The 
significance  of  these  findings  are  as  follows. 

Several  recent  reports  have  suggested  that  B  cell  and  T  cell  I-region- 
derived  molecules  possess  antigen-recognition  properties.   In  addition, 
blocking  studies  with  anti-la  antisera  have  demonstrated  an  intimate  associa- 
tion between  la  antigens,  and  Ir  gene  products  and  have  suggested  the  possi- 
bility that  a  single  molecule  bears  both  the  la  determinant  and  has  specific- 
ity for  antigen. 
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However,  neither  the  absorbed  13-anti-L  C  anti-idiotypic  antiserum  nor 
the  xenogeneic  anti-Fab  \i   anti-idiotypic  antisertun  detected  any  la-like  mole- 
cules, but  both  readily  identified  IgM  molecules.   It  thus  appears  that  these 
antigens  are  not  present  on  the  la  molecules.   These  data  therefore  do  not 
lend  support  to  the  hypothesis  that  la  variable  regions  (one  of  the  postulated 
T  cell  receptors)  share  idiotypic  determinants  with  idiotypes  of  IgM  molecules. 

Another  aspect  of  our  current  studies  of  the  L„C  leukemia  is  an  attempt 
to  identify  the  molecule  which  acts  as  the  tumor  specific  transplantation 
antigen  (TSTA) .   Tor  these  studies  a  KCl  extract  was  prepared  from  both  la 
and  la  L  C  cells.   The  immunogenic  properties  of  the  soluble  TSTA  was  tested 
by  immunization  protection  test.   Strain  2  animals  were  immunized  with  various 
amounts  of  KCl  extract  in  CFA  and  two  weeks  later  the  immunized  animals  were 
challenged  with  a  lethal  Intradermal  dose  of  living  L„C  cells.   Control  ani- 
mals were  immunized  only  with  CFA  and  saline.   All  the  control  animals  devel- 
oped local  tumor  nodules  and  died  of  leukemia  between  2  to  3  weeks  after 
challenge.  All  the  animals  immunized  with  250  yg,  500  yg,  1  mg  or  2  mg  of  3M 
KCl  extract  had  positive  delayed  skin  reaction  at  the  site  of  Injection  after 
24  to  48  hours  and  all  of  these  immunized  animals  survived.   Immunization 
with  a  KCl  extract  prepared  from  la  and  la  L„C  lines  appeared  to  be  equally 
protective.   On  the  other  hand,  immunization  wxth  a  KCl  extract  from  a  strain 
2  guinea  pig  hepatoma  (Line  10)  failed  to  protect  against  a  subsequent  chall- 
enge with  the  L  C  leukemia.   The  fact  that  a  KCl  extract  from  the  Ia~  BZL  C 
line  worked  may  be  due  to  the  possibility  that  such  an  extract  as  comparea  to 
whole  L  C  cells  was  taken  up  more  readily  ^n  vivo  by  the  strain  2  macrophages 
of  the  Immunized  animal  and  the  la  antigens  of  the  strain  2  macrophage  than 
served  as  the  carrier  portion  of  the  TSTA  contained  in  the  macrophage. 

Two  new  observations  have  suggested  that  the  surface  IgM  molecule  of  L  C 
cells  bearing  the  unique  Idiotype,  is  not  the  TSTA.   First,  G-200  Sephadex 
chromatography  of  the  KCl  extract  was  performed  and  various  fractions  were 
tested  for  immunogenicity .  A  molecule  of  M.W.  20,000  was  highly  Immunogenic. 
Second,  the  KCl  extract  did  not  contain  measurcable  amounts  of  IgM  molecules 
as  determined  by  Dr.  C..T.  Stevenson  using  a  sensitive  radio- Immunoassay. 
Third,  u  papain  digest  of  the  L^C  cell  was  prepared  that  did  contain  some  IgM 
molecules  -  this  material  however,  was  not  Immunogenic. 

These  findings  are  significant  because  they  demonstrate  that  there  is  a 
close  functional  connection  on  the  cell  surface  between  la  antigens  and  TSTA. 
In  the  absence  of  la  antigens  the  TSTA  of  the  la  negative  line  appears  to 
behave  as  a  hapten.   Strategies  to  successfully  Immunize  against  TSTA  and/or 
treat  tumors  by  immunological  methods  may  be  improved  by  taking  these  observ- 
ations into  consideration  and  may  be  especially  relevant  since  it  has  been 
recently  demonstrated  that  a  high  proportion  of  acute  human  lymphocytic  leuk- 
emias  resemble  B  cells  in  carrying  la-llke  antigens.   Additional  studies  are 
now  in  progress  to  further  define  the  chemical  nature  of  the  TSTA. 

The  second  major  group  of  studies  Included  in  this  project  are  the 
nature  of  supprcsHor  cells  In  humans  and  disorders  of  suppressor  cell  genera- 
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ted  by  exposing  T  cells  ±n   vivo  to  the  mitogen  concanavalln  A  (Con  A) .  Such 
studies  have  been  most  often  performed  In  animals.  Fewer  studies  have  been 
performed  In  humans.  In  the  present  study  highly  purified  T  cells  were  obtain- 
ed by  double  E  resetting  and  these  purified  T  cells  were  fractionated  accord- 
ing to  their  buoyant  density  in  BSA  gradients.  These  T  cells  of  different 
densities  are  then  exposed  to  Con  A  in  a  first  culture  and  their  ability  to 
suppress  mitogen  and  allogeneic  stimulation  were  then  assayed  In  a  second  cul- 
ture using  cells  from  the  same  donor.  The  interval  of  time  between  the  first 
and  second  culture  was  3  days.  The  method  was  similar  to  that  employed  by 
Shou  et  al.  J.  Exp.  Med.  143:  1100,  1976.  It  was  demonstrated  in  our  study 
that  the  T  cells  most  efficient  In  developing  suppressor  activity  after  Con 
A  exposure  are  found  in  the  densest  fraction  of  lymphocytes.  However,  this 
fraction  responds  least  in  terms  of  proliferation  following  Con  A  exposure. 
Rather  the  lightest  T  cell  fraction  proliferates  in  response  to  Con  A  but 
demonstrates  little  if  any  suppressor  activity.  Th^s  lymphocytes  capable  of 
undergoing  the  proliferative  response  to  Con  A  were  separate  from  those  that 
had  the  ability  to  develop  suppressor  activity. 

The  identification  of  the  precise  human  T  cell  fraction  mediating  supp- 
ressor activity  may  make  the  search  for  a  soluble  inhibitor  substance  easier. 
The  surface  characteristics  of  such  suppressor  T  cell  can  also  be  more  read- 
ily studied  in  such  enriched  fractions. 

Current  Results  and  Projections  for  Future  Work 

We  are  now  investigating  suppressor  lymphocyte  functions  in  patients 
with  systemic  lupus  erythematosus  (SLE)  using  an  Identical  experimental 
design.  Ten  patients  with  SLE  have  been  studied  to  date.   Some  of  the  pat- 
ients show  some  defect  in  the  development  of  suppressor  T  cells.  This  was 
most  apparent  in  the  assay  of  suppressor  function  after  allogeneic  stimula- 
tion.  In  addition  there  appears  to  be  a  positive  correlation  between  the 
severity  of  the  disease  and  an  inability  to  develop  such  suppressor  cells. 
In  selected  eases  allogeneic  normal  suppressor  T  cells  from  the  first  Con  A 
treated  culture  were  mixed  with  responder  T  cells  from  SLE  patients  and  visa 
versa.  These  preliminary  studies  suggest  that  the  defect  in  the  SLE  patient 
is  an  Inability  to  piroduce  suppressor  cells.  However,  lymphocytes  from  SLE 
patients  can  receive  suppressor  signals  from  normal  suppressor  lymphocytes. 
We  deduce  this  because  T  cells  from  SLE  patients  cannot  suppress  mitogen 
re8pon8iv«8n©8s  of  SLE  rails  in  a  second  culture  system,  whereas  normal  lymph- 
ocytCH  can  (suppress  tht<  response  of  SLE  cells  in  such  m  system. 

One  other  group  has  also  reported  a  defect  in  suppressor  T  cells  in 
patients  with  SLE  using  a  somewhat  different  experimental  design  (Bresnihan, 
B.  T.,  Jasin,  H.  E. ,  Journal  of  Clinical  Investigation  59:  106,  1977). 

These  studies  may  be  of  importance  in  uncovering  the  defect  in  the  con- 
trol mechanisms  regulating  the  level  of  autoantibody  production  in  patients 
with  SLE.  Furthermore,  it  has  been  recently  demonstrated  in  an  animal  model 
of  SLE  that  suppressor  materials  produced  by  Con  A  activation  of  mouse  T  cells 

719 


ZOl  AI  00033-09  LI 

in  vitro  and  injected  into  NZB/W  mice  could  prevent  the  SLE  like  syndrome 
f7om  developing.   Krakauer,  R.S.  et  ad . ,  Science  196:  56,  1977. 

Obviously  the  analysis  and  production  of  human  Con  A  induced  suppressor 
matorlnlM  m/iy  he  Important  in  the  therapy  of  SLE. 

We  iiexi  plan  to  further  cliaracterlze  human  suppressor  T  cells  in  terms  of 
their  surface  markers,  especially  receptors  for  the  Fc  portion  of  IgM  and  IgG 
molecules.  We  will  also  try  to  identify  and  characterize  suppressor  materials 
in  the  supernatant  of  Con  A  activated  cells.   In  addition,  we  are  trying  to 
determine  whether  antibodies  that  are  present  in  the  sera  to  T  cells  of  some 
SLE  patients  are  responsible  for  the  impairment  of  suppressor  activity  obser- 
ved, 
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The  differentiation  of  T  and  B  lymphocyte  subpopulations,  both  before  and 
after  stimulation  with  T-dependent  or  T- Independent  antigens,  is  being 
studied.   Particular  attention  has  been  paid  to  the  state  of  reactivity  of 
neonatal  mouse  lymphocytes.   A  neonatal  T  cell  subpopulation  which  suppresses 
antibody  formation  has  been  defined,  and  two  major  B  cell  sublines  have  been 
described  based  upon  their  reactivity  to  antigen,  surface  immunoglobulin 
expression  (surface  IgM  >  surface  IgD,  and  vice  versa),  expression  of  the 
Lyb5  differentiation  antigen,  and  presence  in  the  CBA/N  mutant  subline  of 
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The  general  long-range  objectives  of  the  work  in  this  laboratory  are  to 
define  functional  subpopulations  of  murine  lymphocytes,  describe  their  sur- 
face properties,  and  understand  how  antigen  Induces  lymphocyte  activation 
and  which  cell  surface  components  are  involved  in  activation.   We  are  concern- 
ed particularly  with  the  emergence  of  lymphocyte  subpopulations  during  ontog- 
eny and  how  their  interaction  affects  the  total  Immunological  competence  of 
the  newborn.   The  hope  is,  of  course,  that  this  knowledge  will  be  useful  In 
understanding  the  inability  of  newborn  humans  to  deal  with  certain  infections. 

The  methodology  employed  in  addressing  these  problems  involves:   (1) 
identification  and  separation  of  lymphocyte  subpopulations  based  primarily 
on  genetically-  or  ontologically-controlled  differential  expression  of  cell 
Hurfncf  coinponnnts  such  nn   allotype,  tlie  Lyb5  differentiation  antigen, 
Hiirfacc-  InimunoKJobulin  isotypo  or  amount,  etc.   Specific  antisera  prepared 
against  such  surface  components  allow  either  complement-dependent  lysis, 
separation  ol  f luorescein-tagged  cells  on  the  fluorescence-activated  cell 
sorter  (FACS),  or  blockade  of  function  by  incorporation  of  the  antisera  into 
tissue  culture;  (2)  The  ability  to  culture  small  numbers  of  purified  lympho- 
cyte subpopulations  (2  x  10  or  greater)  in  microcultures  and  stimulate  pro- 
liferation or  antibody  formation  is  crucial  to  these  experiments  and  has 
been  established;  (3)  The  analysis  of  mice  with  genetic  defects  affecting 
B  lymphocytes,  such  as  the  CBA/N  or  C57BL/10  ScCr  strain,  has  proven  to 
be  a  powerful  tool  in  analyzing  surface  correlates  of  B  cell  function; 
(4)  The  preparation  of  antigens  or  anti- idiotypic  reagents  coupled  to  non- 
degradable  compounds  such  as  Ficoll,  D-amino  acid  copolymers,  or  poly- 
acrylamide  beads,  or  bound  to  macrophages,  has  allowed  the  investigation 
of  the  moloculnr  triggering  requirements  of  B  cells. 

Ilitr  iii,t|t)i  I  liuHnK«  to  eiiuirnu  i  rom  tiieHc  hLuiUom  arts  an   lollows:   A 
HubpouuiaLloiic)!  T  lyiiipliycyLeti  characterized  by  Lhu  uiuluce  plienotype  Ly 
1,2,3  ,  Thy  1  ,  TL  ,  H-2   (high),  by  resistance  to  mouse  thymic  virus,  and 
by  large  volume  and  high  DNA  content,  has  been  Identified  as  cells  re- 
sponsible for  neonatal  suppression  of  antibody  formation.   Such  suppressor 
T  cells  appear  to  act  by  directly  interfering  with  B  cell  activation  by 
antigen. 

Studies  of  B  cell  functional  differentiation  in  the  neonatal  mouse 
have  led  to  the  description  of  the  following  maturatlonal  sequence.   The 
first  set  of  B  cells  to  develop  after  birth  is  characterized  by:   (1)  high 
surface  immunoglobulin  (sig)  density;  (2)  sIgM  >  sIgD;  (3)  absence  of  the 
Lyb5  antigen(s);  (4)  responsiveness  to  TNP  (trinitrophenyl) -Brucella 
abortus  and  a  related  series  of  antigens;  and  (5)  unresponsiveness  to  TNP- 
Ficoll  and  other  polysaccharide  antigens.   A  later  appearing  B  cell  subset 
is  characterized  by:  1)  low  sIg  density,  2)  sIgM  <  slgD,  3)  presence  of  the 
Lyb5  marker,  4)  absence  in  the  genetically-deficient  CBA/N  strain,  and  5) 
responsiveness  to  a  broader  range  of  thymic- independent  antigens  typified  by 
TNP-FicolI.   Ln  addition,  the  late-appearing  B  cell  subset  is  susceptible 
to  inhibition  of  its  antibody  responses  by  allo-antl-6  reagents,  whereas  the 
earlier  appearing  subset  seems  resistant  to  such  inhibition.   These  studies 
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thus  have  led  t|o  the  definition  of  two  major  B  coll  HubneitH  with  both  differ- 
ent surface  markers  and  different  functions. 

A  third  set  of  related  experiments  has  concerned  the  effect  of  TNP  con- 
jugated to  Ficoll  or  D-glutamlc  acld-D- lysine  (D-GL)  on  neonatal  B  cells. 
While  several  authors  have  proposed  that  neonatal  B  cells  are  only  susceptible 
to  toierfince  induction,  we  find  that  a  careful  investigation  of  the  dose 
requirements  for  tolerance  induction  in  vitro  shows  that:   1)  neonatal  cells 
are  about  ten-fold  more  sensitive  than  adult  cells  to  inhibition  of  their 
response  by  TNP-jD-GL;  2)  the  duration  of  exposure  to  soluble  antigen  is  crit- 
ical in  determining  whether  or  not  a  B  cell  commits  to  antibody  production, 
and  3)  under  appropriate  curcumstances,  antigens  can  deliver  neither  an  "on" 
or  "off"  signal  to  neonatal  B  cells,  but  instead  trigger  a  clonal  expansion 
of  precursor  cells  which  requires  a  second  exposure  to  antigen  to  stimulate 
antibody  formation. 

A  final  series  of  experiments  is  concerned  with  the  mechanism  of  clonal 
dominance  in  the  antibody  response  of  BALB/c  mice  to  phosphorylcholine  (PC) . 
Both  T  and  B  cells  seem  to  express  a  common  dominant  idlotype  on  their  immuno- 
globulin (-like)  receptors;  this  idlotype  is  termed  T-15,  after  the  proto- 
type TEPC-15  myeloma  protein.   Anti-T15  antlsera  has  been  prepared  and  is 
being  used  to  analyze  requirements  for  idlo type-matching  for  cell  collabora- 
tion and  B  cell  receptor  status  during  triggering. 

All  of  these  experiments  are  designed  to  gain  a  better  insight  into  the 
molecular  and  cellular  requirements  for  specific  lymphocyte  activation  and 
to  thus  make  possible  a  rational  manipulation  of  immune  responses  in  humans. 
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nnnlysls  arc.   actively  being  pursued. 
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A  number  of  rhcmical  tfchniqiies  and  products  that  have  becMi  developed 
from  the  above  work  are  being  used  in  collaborative  studies  on  molecular 
interpretations  of  celluar  mechanisms  in  immune  responses.   Materials  employed 
includes  synthetic  thymus- Independent  antigens. 


Project  Description: 

Objectives: 

The  overall  objective  of  the  project  is  to  gain  a  more  complete  understand- 
ing of  the  molecular  basis  for  specificity  in  immune  responses.   The  binding 
properties  of  antibodies  and  other  receptor-bearing  molecules  are  to  be  stud- 
ied and  related  to  the  behavior  of  immune  systems.   Specific  objectives  are 
the  following: 

1.  To  assess  the  generality  and  frequency  of  multispeclf ic  binding  by  indiv- 
idual antibody  combining  regions  by  means  of  screening  experiments  employing 
many  diverse,  structurally  unrelated  haptens. 

2.  To  develop  methodology  required  for  such  screening  tests  including  the 
synthesis  of  ntimerous,  large  haptenic  reagents. 

3.  To  employ  mult  1  Ki)ec  I  f  Ic  binding  and  cross-stimulation  in  raising  high 
tlterH  of  highly  restricted  antibodies  for  primary  structure  analysis. 

4.  To  develop  improved  methods  for  determining  amino  acid  sequences,  and  to 
sequence  variable  regions  of  restricted,  normally  raised  antibody  light  and 
heavy  chains. 

5.  To  relate  findings  from  the  above  experiments  to  questions  concerning  the 
nature  and  I'Xtcnt  of  antibody  diversity. 

6.  To  help  employ  metliods  and  reagents  developed  in  the  above  work  in  coope- 
rative studies  on  immunolglcal  specificity  at  the  cellular  level. 

Major  Findings 

A  tlu'orct  Icnl  inocU'l  w.l^;  iDiiipleted  which  relates  the  expected  frequency 
ol  imi  1 1  I  spec  I  1  I  <  jiliHJIiiK  ot  diverse  haptens  to  ant  Ibiuly  combining  regions  with 
Mrifllnp,  cnnst  nil!  M  .ilmvc  .inv  riven  value.   This  model  !\nd   n   romprohenplve 
disiiisslon  o\    t  hi'  <(iiiiepL  ol  mineral  mult  ispec  It  Icity  and  its  relation  to 
iintlbodv  ^iiv(■t^;llv  will  .1  |i|>i  ■.)  r  as  a  chapter  in  n  forthcoming  book  entitled, 
"Theoretical  Immunology"  (^iee  under  Publications).   The  model  will  serve  as  a 
guide  In  dcslgnlnp,  and  carrvliig  out  an  experimental  program  to  test  the  hypo- 
tlii'dln  of  fjciiera  I  mull  Ispccli  IcIty  ot  tin-  antibody  combining  region. 

Kxperimcnta  I  i-videiue  lor  iiiultispecif  icity  will  be  sought  by  setting  up 
H  screening  system  wheiiiii  aiU  ibodles  raised  against  known  determinants  will 
be  tested  for  binding  to  many  haptens  of  unrelated  structure.   The  haptens 
yill  be  bound  to  separate,  small  affinity  columns;  radiolabeled  antibodies 
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will  be  pasMctl  through  each  column,  and  hapten-wpec  If  ic  f  etaidatlon  or 
retention  will  be  measured.   Much  of  the  work  carried  out  so  far  has  been  con- 
cerned with  synthesis  of  many  large,  haptenic  reagents  needed  for  preparing 
the  affinity  columns.   These  reagents  are  built  up  as  derivatives  of  small 
peptides  with  the  object  of  preparing  complex  haptens  with  molecular  weights 
in  the  range  of  450  to  900  and  possessing  a  functional  group  for  covalent 
attachment  to  carriers.   During  the  past  year  a  number  of  strategies  for 
economizing  the  labor  Involved  in  such  syntheses  were  tested.   With  the 
aHalBMtance  of  MIsh  Barbara  Duntley,  a  number  of  crystalline  derivatives  of 
Hlutuinlc  acid  and  lynine  were  prepared  as  starting  points.  Many  combinations 
of  activf.  ester  and  blocking  groups  were  investigated.   Some  of  these 
derivatives  are  now  being  prepared  in  quantities  suitable  for  investigating 
further  stages  of  the  synthesis. 

During  the  past  year  many  di-  and  tripeptide  derivatives  have  been 
prepared  to  serve  as  spacers  or  determinative  components  of  the  large 
haptens.  A  number  of  peptides  containing  the  hydrophilic  amino  acids 
serine  and  threonine  were  prepared  and  tested  for  crystallizability.   In 
the  quantities  required,  such  structural  components  are  best  purified  by 
one  or  more  crystallizations  rather  than  by  column  chromatography.   Some 
peptides  have  been  selected  for  further  use  by  this  criterion.   Synthetic 
methods  employed  in  the  above  work  involved  minimal  side  chain  protection 
of  amino  acids.   I  have  reviewed  the  literature  in  this  area  of  peptide 
synthesis,  and  I  am  currently  writing  a  critique. 

Progress  has  been  made  in  using  PTMA  derivatives  with  the  Edman 
degradation  for  sequencing  peptides.   These  derivatives  were  developed 
in  this  laboratory  and  described  in  last  year's  report.   Since  that  time 
several  new  methods  for  synthesizing  derivative  standards,  including  a 
quantitative  procedure,  were  developed.   Calibrated  absorption  spectra 
for  several  PTMA-amino  acids  were  obtained,  and  improved  thin-layer 
chromatographic  systems  for  identifying  the  various  derivatives  were 
found.   These  results  are  being  reported  in  a  forthcoming  chapter  in 
the  series,  "Methods  in  Enzymology"  (see  Publications). 

In  cooperation  with  Dr.  Waxdal  and  Mr.  Skiados  a  preliminary  system 
for  separating  PTMA-amino  acids  by  high-performance  liquid  chromatography 
was  worked  out.   A  procedure  for  using  PTMA  derivatives  in  a  manual 
Edman  degradation  method  was  developed  in  collaboration  with  Dr.  Hans 
jOrnvall  (of  the  Karollnska  Institute,  Stockholm)  during  his  visit  to  my 
laboratory  last  full.   A  manuscript  is  in  preparation. 

Investigation  of  porous  glass  supports  for  solid-phase  Edman  degradations 
led  to  the  conclusion  that  the  alkaline  lability  (solubility)  of  glass 
surfaces  caused  serious  problems  with  bonding  stability  of  attached 
structures.   Accordingly,  conditions  for  carrying  out  solid-phase 
chemical  reactions  had  to  be  severely  restricted,  and  attempts  to  work 
around  this  fundamental  difficulty  led  to  new  problems.   The  main  advantage 
of  porous  glaHs  is  its  rigidity  ns  a  solid  support.  Most  polymers,  on 
tJic  othtT  h.'uid,  swell  or  change  volume  drastically  as  solvent  composition 
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shifts,  but  they  can  form  stable  bonds  with  attached  peptides.   The 
advantages  of  both  types  of  support  are  found  in  a  new  form  of  cross- 
linked  polystyrene  (macro-porous  type).   Although  this  material  is 
limited  in  availability,  I  have  been  investigating  its  chemical  derivatization 
and  use  in  solid-phase  sequencing.   These  studies  will  continue  for 
several  more  months,  and  the  preliminary  results  will  be  reported  in 
September  at  the  Second  International  Conference  on  Solid-Phase  Sequence 
Analysis  in  Montpellier,  France.   The  work  has  been  a  cooperative  effort 
with  Drs.  Ettorc  Appella  and  Garrett  DuBois  (LCB/NCI) . 

Haptenic  reagents  of  the  type  reported  above  and  other  antigen 
preparations  from  this  laboratory  have  served  usefully  in  several  cooperative 
studies  which  have  been  completed  and/or  reported  in  the  past  year. 
With  Dr.  Chien,  from  Dr.  Lieberman' s  laboratory,  I  have  prepared  chemical 
derivatives  of  inulin  (6  -  (l-»-2) -linked  polyf ructose)  employing  methods 
I  developed  earlier  for  the  polysaccharide,  Ficoll.   It  has  been  possible 
to  prepare  conjugates  of  inulin  with  bacterial  proteins  which  have 
markedly  enhanced  immunogenic ity  in  mice.   Dr.  Chien  has  been  conducting 
genetic  studies  on  the  control  of  expression  of  an  anti-inulin  idiotype 
found  in  murine  antibodies  which  are  cross-specific  for  inulin  and 
bacterial  levan.   A  number  of  inbred  strains  of  mice  have  been  examined 
for  the  expression  of  this  particular  idiotype  (see  Dr.  Lieberman' s 
report) . 

Homologous,  small  and  large  haptens  were  compared  in  regard  to 
their  effect  on  in  vitro,  hap ten-directed,  specific,  cell-mediated 
cytolysis  (Rehn,  Inman  and  Shearer,  see  Publications).   TNP-sensitized 
effector  cells  would  not  lyse  TNP-g-alanylglycylglycyl-modif ied,  H-2- 
matched  target  cells  demonstrating  that  T  cells  recognize  contiguous 
portions  of  a  complex  determinant  which  is  larger  than  a  single  immunodominant 
feature. 

Similar  conclusions  were  drawn  by  Janeway,  Maurer,  Dailey,  and, 
Inman  (see  Publications).   In  these  studies,  in  vitro  stimulation  (  H- 
thymidine  uptake)  of  guinea  pig  lymphocytes  from  primed  animals  was 
studied.   Priming  and  stimulating  antigens  were  conjugates  of  a  variety 
of  haptens.   The  body  of  evidence  obtained  was  explained  by  picturing 
the  T  cell  as  capable  of  discriminating  haptens  with  great  precision  but 
combining  as  well  with  structures  adjacent  to  the  haptenated  amino  acid 
residue.   The  strain  ot  guinea  pig  immunized  affects  the  precise  specificity 
characteristics  of  the  responding  T  cells. 

Kcc.'iUly,  I  liJivc  as:;  l::ti-d  Dr.  Michael  Kallner  LCI/NIAID)  In  developing 
radloimmune  assays  for  several  of  the  prostaglandins  by  synthesizing 
immunizing  conjugates  and  radiolabeled  derivatives  of  these  hormones. 
Progress  of  studies  wherein  these  assays  are  being  used  to  follow  the 
role  of  prostaglandins  in  acute  allergic  and  inflamatory  responses  will 
be  reported  by  Dr.  Kaliner. 
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Signlf lcance>'to  Biomedical  Research  and  the  Program  of  the  Institute: 

An  essential  characteristic  of  many  Ijnmune  mechanisms  is  the  specificity 
of  action  which  is  directed  by  definitive  chemical  structures.   An 
understanding  of  specificity  in  immune  systems  rests  first  upon  an 
adequate  knowledge  of  the  scope  and  nature  of  specificity  at  the  level 
of  single  receptor-determinant  interactions.   Therefore,  a  principal  aim 
of  this  project  is  to  carry  out  the  first  systematic  and  general  exploration 
of  the  phenomenon  of  multlspecif ic  binding.   Because  of  the  diversity 
and  availability  of  antibodies,  these  receptor-bearing  molecules  provide 
ideal  models  for  such  studies  in  addition  to  their  being  interesting  as 
important  components  of  many  types  of  immune  reactions. 

Cooperative  studies  have  proven  the  value  of  large  haptenic  reagents 
and  other  synthetic  or  semi-synthetic  antigenic  components  in  exploring 
specificity  as  it  is  manifested  in  more  complex,  multi-receptor-determlnant 
interactions.  The  latter  are  encountered,  for  example,  in  B-or  T-cell 
stimulation  and  in  T-cell-medlated  cytotoxicity.   Reagents  or  reactions 
developed  for  the  explicit  requirements  of  this  project  can  have  interesting 
applications  in  many  basic  studies  in  immunology. 

Future  Course: 

Now  that  theory  and  guiding  principles  have  been  well  defined,  I 
feel  that  the  primary  goal  of  this  project  should  be  the  experimental 
(itudUiM  of  iiui  1 1  iHpoclf  ic  I  ty.  Thu  work  has  been  progresHlng  too  slowly 
becauHfc!  of  conti  Iderable  attention  that  was  given  to  other  interesting 
studies  and  problems.   It  will  be  essential,  therefore,  to  complete 
current  work  in  primary  structure  methodology  in  the  coming  months  and 
to  postpone  such  studies  for  a  year  or  so  in  order  to  start  obtaining 
definitive  results  on  the  questions  of  multlspecif Icity.   1  plan  to 
spend  nearly  my  entire  time  during  the  next  calendar  year  on  the  synthesis 
of  haptenic  probes  and  on  the  multlspecif icity  screening  system.   A 
postdoctoral  fellow  may  join  me  in  this  work  early  in  1978.   No  new 
cooperative  research  efforts  will  be  initiated  in  the  next  year. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Overall  goals  of  this  project  are  to:  .define  the  nature  of  the  genes  and 
linkage  groups  which  code  for,  or  otherwise  affect  the  structure  of  immunoglob- 


ulins (Igs) ,  to  understand  the  regulatory  processes  which  control  Ig  gene 


expression;  to  understand  the  mechanisms  which  lead  to  the  synthesis  of  highly 
specific  antibody  molecules,  and  the  nature  of  genes  which  influence  and  control 


Immune  responses.   We  have  been  defining  by  combined  Immunological  and  chemical 


approaches  the  structural  differences  between  genetically  controlled  polymorphic 
forms  of  rabbit  immunoglobulins  (immunoglobulin  allotypes)  and  between  classes 
and  subclasses,  types  and  subtypes  of  their  polypeptide  chains.   We  utilize  this 
information  in  designing  a  variety  of  studies  including  breeding  experiments, 
studies  of  the  ontogeny  and  differentiation  of  cells  which  produce  Igs  intracell-j 
ularly,  as  Hccrcted  products,  and  as  membrane-associated  receptors,  and  studies  | 
of  rht^  faetortJ  which  Influence  and  regulate  phenotypic  expression  of  alleles  or  I 
chain  types.  | 
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We  are  attempting  to  define  by  combined  immunological  and  chemical 
approaches  the  structural  differences  between  genetically  controlled 
polymorphic  forms  of  rabbit  immunoglobulins  (allotypes)  and  between 
classes,  subclasses,  types,  and  subtypes  of  their  polypeptide  chains. 
The  structural  information  and  the  reagents  we  prepare  are  utilized  in 
planning  and  conducting  a  variety  of  experiments  such  as  breeding  to 
investigate  linkage  relationships,  investi-gation  of  factors  which 
influence  phenotypic  expression  of  alleles  and  chain  types,  studies  of 
membrane  associated  markers  and  of  immune  responses.   For  these  studies, 
we  breed  and  maintain  large  numbers  of  rabbits  in  our  colonies,  we 
produce  and  characterize  large  volumes  of  antisera  made  with  a  variety 
of  donor-recipient  combinations,  including  anti-allotype  antisera,  anti- 
idiotype antisera,  antibodies  of  restricted  heterogeneity  and  heteroantisera 
against  Immunoglobulins  and  other  serum  proteins.  We  purify  normal  and 
antibody  immunoglobulins  from  large  volumes  of  rabbit  sera  for  use  as 
immunizing  antigens,  for  structural  studies  and  for  various  other  studies 
outlined  below. 

Radioimmunoassays  using  purified  and  labeled  anti-a3  antibodies 
were  developed  and  used  to  study  heavy  chain  variable  region  determinants 
on  normal  IgGs  and  on  anti-polysaccharide  antibodies  of  restricted 
heterogeneity.  Insights  into  the  causes  and  nature  of  heterogeneity  of 
allotypic  structures  on  heavy  chain  variable  regions  have  come  from  the 
recognition  that  some  aS  allotypic  determinants  on  normal  IgGs  and 
"restricted"  IgGs  may  bind  anti-a3  antibodies  with  different  average 
association  constants. 

Inimmiol.ic.liM  1  iirtipcrt  i  (-;;  nf  peptides  from  two  different  he.ivy 
cliJilns  of  !\'\   /illDtypc  .ind  retitrlcted  heterog(>neity  were  studied  and 
compared  using  rnd lo Immuno.issnys  that  involved  Inhibition  by  these 
peptides  of  the  reaction  between  radiolabeled  anti-a3  antibodies  and 
Sepharose-bound  a3  IgG.   A  purified  fraction  of  a2  anti-a3  which  cross- 
reacts  with  al  IgG  was  found  advantageous  for  assaying  peptides  derived 
from  one  of  the  a3  heavy  chains  of  restricted  heterogeneity.   "Immunopeptides" 
recovered  by  affinity  chromatography  on  antibody-Sepharose  colums  were 
shown  to  inhibit  at  least  60%  of  the  maximal  binding  of  the  particular 
anti-a3  antibodies  studied  to  a3  IgG.   Thus  major  antigenic  determinants (s) 
recognized  by  these  particular  anti-a3  antibodies  were  retained  on  the 
portions  of  the  V  region  recovered  from  the  tryptic  digest.   The  active 
peptides  consist  of  two  peptides  linked  by  a  disulfide  bond  between 
cysteine  22  and  cysteine  92.   One  "immunopeptide  is  "^   6,000  daltons  and 
consists  of  residues  ^   17-38  linked  to  residues  'V'  64-94  via  a  disulfide 
bridges  between  cysteine  22  and  92.   The  structure  of  the  "immunopeptide" 
from  the  hea  ^  chains  of  a  second  a3  antibody  molecule  is  currently 
under  study.   It  is  somewhat  larger  ('^^7,000  daltons).   Reduation  and 
alkylation  results  in  two  peptides  whose  sizes  are  compatible  with  an  '^ 
40  residue  peptide  being  disulfide  linked  to  an  'v-  30  residue  peptide. 

Examination  of  hypothetical  models  of  the  three  dimensional  structure 
of  the  Fv  portion  of  rabbit  antibodies  reveals  that  these  immunopeptides 
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include  many* of  the  positions  in  the  sequence  of  heavy  chain  variable 
regions  at  which  substitutions  which  correlate  with  a  allotypic  differ- 
ences occur.   Moreover,  postulated  antigenic  determinants  are  exposed 
on  the  surface  of  the  molecule  and  are  removed  from  the  antibody  com- 
bining site  region. 

Complementing  our  studies  of  the  "immunopeptides"  from  heavy 
chains  of  a3  allotype  described  above,  are  sequencing  studies  of  the 
light  and  heavy  chains  of  the  antibodies  from  which  these  peptides  were 
recovered.   Most  of  the  amino  acid  sequence  of  the  variable  region  of  a 
b4  light  chain  from  antibody  AH80-5  has  been  completed.   The  sequence  is 
of  interest  because  of  its  great  similarity  through  position  90  with  a 
minor  light  chain  subgroup  frequently  expressed  by  rabbits  responding  to 
hyper immunization  with  the  A  variant  strain  of  Streptococcus  (Braun  et 
al. ,  1976) .   The  rabbit  kappa-type  light  chain  has  been  considered  unusual 
because  it  does  not  appear  to  have  as  marked  hypervarlability  between 
positions  50  and  60  within  which  the  second  hypervariable  region  of 
human  and  mouse  kappa  chains  has  been  defined.   This  particular  rabbit 
light  chain  may  have  an  insertion  within  this  portion  of  the  sequence. 

The  question  of  whether  genes  for  some  immunoglobulin  allotypes  may 
be  "hidden"  in  the  genome  was  investigated  by  hyperlmmunization  of  36 
allotypically  pedigreed  rabbits  with  a  vaccine  of  Micrococcus  luteus 
(Micrococcus  lysodeikticus) .   In  our  investigations,  none  of  the  36 
immunized  rabbits  exhibited  elevated  expression  of  an  unexpected  allotype 
during  the  7-38  weeks  of  immunization  and  bleeding.   However,  we  did 
observe  elevated  expression  of  unusual  variable  regions.   In  particular, 
n   cross-reaction  between  some  V  region  gene  products  produced  by  al 
rabbits  and  the  majority  of  V  products^of  a2  rabbits  was  detected  with 
anti-a2  antisera  made  in  a  a  but  not^a^a  or  a  a  rabbits.  There  is  a 
small  percentage  of  Ig  molecules  in  a  a  rabbits  whose  V-regions  contain 
an  antigenic  determinant  also  present  on  most  or  all  a2  molecules  of 
rabbits.  A  similar  determinant  is  found  on  Igs  of  related  genera  (Lepus 
and  Sylvilagus) .   Expression  of  this  population  was  elevated  during 
immunization  of  an  a  a  rabbit  with  Micrococcus.   In  immunodiffusion,  a 
reaction  of  partial  identity  was  observed.   In  hemagglutination  inhibition, 
the  reaction  of  a3  anti-a2  with  homologous  a2  was  not  inhibitable  by  the 
cross-reacting  component.  Anti-a2  antisera  made  in  a3  rabbits  could  be 
depleted  of  cross-reactive  antibody  by  absorption  with  insolubilized 
sera  from  normal  al  rabbits  but  not  by  insolubilized  a3  sera.   Radioautography 
of  isoelectric  focusing  plates  overlayed  with  a3  anti-a2  antibodies 
which  had  been  affinity  purified  and  radiolabeled,  revealed  distinct 
spucLrotypes  Ln   sera  from  al  rabbits  that  carried  the  cross-reacting  V^^ 
determinant . 

A  primitive  lymphoid  cell  is  found  in  fetal  liver  and  In  the  bone 
marrow  of  both  young  and  old  rabbits  which  contains  IgM  but  lacks  readily 
demonstrable  surface  immunoglobulin.   By  analogy  with  mouse  and  man,  and 
because  this  cell  is  the  first  immunoglobul in-producing  cell  to  appear 
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in  ontogeny,  it  lias  been  termed  a  pre-B  cell.   It  is  postulated  that  it 
Is  a  prpcursor  of  tht'  B  lympliocyte  with  surface  membranp-associatod  Tp.M. 
Wi'  havi'  shown  that  pri'-H  lells  contain  kappa  chain  allotypic  dcterminnnts 
and  In  lu'li-rozynous  rahhlto  the  cells  detectable  with  fluorescent  reagents 
appear  to  exhibit  allotype  exclusion.   Wliereas  neonatal  exposure  to 
antl-allotype  antibodies  (e.g.  anti-kappa  chain  allotype  b5)  results  in 
selective  elimination  of  the  B  cells  bearing  that  allotype,  the  pre-B 
cells  are  not  affected  by  the  anti-allotype  antibody.   Their  presiimptive 
progeny,  the  B  cells  with  surface  membrane  Ig  allotype  continue  to  be 
absent  for  a  period  of  time.  When  B  cells  with  suppressed  allotype  do 
re-appear,  their  numbers  may  remain  low  either  because  they  compete 
less  well  for  antigen  with  the  established  population  bearing  non-suppressed 
allotypes,  or  because  of  intrinsic  or  extrinsic  blocks  of  their  further 
expansion  and  maturation.   Cells  from  the  period  of  "chronic"  suppressed 
expression  of  b^  allotypes  in  heterozygotes  are  currently  under  investigation. 

We  are  now  using  the  reagents  developed  and  the  technical  experience 
gained  through  our  studies  of  the  V  allotypes  of  serum  immunoglobulins 
to  conduct  a  thorough  and  systematic  search  for  V   structures  which  may 
be  associated  with  membrane  receptors  or  soluble  Factors  produced  by 
rabbit  T  lymphocytes.   A  study  in  progress  in  collaboration  with  Dr.  K. 
Rajewsky,  Cologne,  Germany  has  indicated  that  hapten  binding  receptors 
of  sensitized  lymphocytes  which  carry  a^  allotypic  markers  lack  detectable 
serological  determinants  of  the  constant  domains  of  Ig  heavy  and  light 
chains.   The  yield  of  these  receptors  is  increased  upon  enrichment  for 
non-Ig  positive  cells  by  nylon-wool  filtration 

Additional  prolcctH  are  Jn  progress  on:  Neonatal  tolerance  or  immunity 
to  "foreign"  allotypes  derived  from  maternal  ImmunoglobulinB  and  Isolation 
of  g2-microglobulin  and  search  for  genetic  polymorphism.   A  number  of 
other  collaborative  studies  are  in  progress: 

With  Baruj  Benacerraf,  Harvard,  we  are  further  investigating  the 
observations  of  Oudin  and  Cazenave  (reviewed  by  Oudin,  1974)  that  individual 
rabbits  may  respond  by  producing  antibodies  which  share  idiotypes  and 
yet  are  specific  for  distinct  antigenic  determinants  on  an  immunizing 
molecule.   Such  shared  idiotypes  may  be  the  key  ones  through  which 
regulatory  T  cells  (such  as  suppressors)  may  recognize  and  modulate 
responses  of  other  T  cells  (such  as  T  helpers)  as  well  as  B  cells  which 
respond  with  anti-hapten  production. 

With  llr.  .1.  Rejnek,  Institute  of  Microbiology,  Czech  Academy  of 
Sciences,  Prague,  Czechoslovakia,  we  wish  to  determine  whether  cysteine 
80  and  cysteine  171  which  usually  form  a  V-C  bond  In  rabbit  kiii)pa-type 
light  chains  are  present  or  whether  one  or  both  of  these  cysteines  are 
absent  from  chains  of  the  L   type.   We  have  previously  shown  that  rabbit 
lambda-type  light  cliains  lack  this  extra  disulfide  bond  and  co-chromatograph 
witli  L  -type  kajjpa  chains. 
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In  conaboruLlon  with  Dr.  R.  Asoftsky  and  Ms.  W.  Logan,  LMI ,  NIAID, 
fluorescent  (Fab")   reagents  to  detect  V   (a)  and  C   (dll  ,  dl2,  t-lA, 
el5)  markers  are  being  prepared  in  order  to  investigate  the  expression 
of  these  markers  in  the  cytoplasm  of  Individual  IgG  producing  cells       . 
during  stimulation  by  allogeneic  cells.   In  mice  it  has  been  found  that 
allogeneic  stimulation  can  lead  to  synthesis  of  two  Ig  heavy  chain 
classes  by  an  individual  cell  (R.  Asofsky,  personal  communication). 

Immunogenetics  is  providing  new  insights  into  the  nature  of  structural 
and  regulatory  genes  in  complex  jnammalian  systems.  The  chemistry, 
genetics,  and  evolution  of  immunoglobulins  appears  to  be  analogous  in 
many  respects  to  the  chemistry,  genetics  and  evolution  of  cell  surface 
isoantigens  such  as  those  involved  in  transplantation,  cell-cell  recognition 
systems,  and  possibly  some  tumor  antigens.   Thus  in  addition  to  defining 
the  genetic  mechanisms  which  lead  to  the  synthesis  of  highly  specific 
antibody  molecules,  the  chemical  and  genetic  definition  of  immunoglobulin 
allotypes  provides  models  which  may  have  direct  relevance  to  evolution 
and  immunogenetics  of  cell  surface  isoantigens.  Understanding  of  the 
chemistry,  genetics  and  evolution  of  immunoglobulins,  the  factors  which 
control  their  genetic  expression,  and  their  biological  roles  is  thus  of 
broad  fundamental  Interest. 

Most  of  the  projects  described  are  in  progress  and  continuing. 
However,  rather  than  simply  continuing  our  serological  analyses  of  the 
a   (V  )  allotypes  we  are  now  applying  the  considerable  experience  we  have 
gained  to  the  question  of  the  nature  of  the  receptor(s)  on,  and  products  of 
rabbit  T  cells.   Clearly,  there  are  subsets  of  T  cells  distinguished  by 
differences  in  their  functional  roles  in  immune  responses.   Our  working 
hypothesis  is  that  products  of  V  region  genes  may  contribute  to  antigen- 
specific  receptors  or  products  oi  some  or  all  of  these  cells. 

In  work  related  to  the  above  problem  and  using  similar  techniques, 
we  plan  Identification  of  membrane  proteins  associated  with  the  major 
histocompatibility  complex  of  rabbits.   In  collaboration  with  Dr.  C. 
Cohen,  we  are  planning  to  evaluate  the  anti-RL-A  reagents  he  has  prepared 
for  their  ability  to  bind  and  precipitate  NP  40  extracted  labeled  membrane 
antigens  from  RL-A  defined  rabbits  supplied  by  him.   Bands  resembling 
murine  and  guinea  pig  la  antigens  on  SDS-PAGE  have  been  frequently 
observed  in  our  NP  40  extracts  of  rabbit  lymphocytes.   We  should  be  able 
to  identify  whether  any  anti-MHC  reagents  specifically  bind  to  these 
membrane  antigens.   Although  the  postulated  la  peaks  we  have  so  far  seen 
may  well  have  been  products  of  B  rather  than  T  cells,  we  will  eventually 
seek  to  determine  whether  any  membrane  antigens  which  bind  to  anti-MHC 
reagents,  also  bind  to  anti-V  reagents. 

Similar  techniques  are  also  applicable  to  our  studies  of  the  B  and 
T  cells  of  allotype-suppressed  rabbits.   Our  aim  is  to  compare  a  variety 
or  properties  of  lymphocytes  from  noinnal  and  allotype-suppressed  rabbits 
of  various  ages.  Additional  studies  of  pre-B  cells  in  both  normal  and 
allotype-suppressed  heterozygous  rabbits  of  various  ages  are  planned. 
We  are  attempting  to  identify  the  rabbit  homologue  of  IgD  extracted  from 
labeled  rabbit  B  rell  membranes.   We  will  also  attempt  to  determine 
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whether  the  cells  in  recovering  suppressed  rabbits  have  normal  membrane 
IgM  and  IgD.   It  is  possible  that  our  previous  observation  that  the  b5 
cells  in  rabbits  recovering  from  b5  allotype-suppression  were  not  normally 
activated  by  anti-b5  antisera  may  relate  to  the  presence-absence  or 
ratio  of  IgM:   IgD  on  these  recovering  cells. 

Appendix  -  Contract  Number  NOl-AI-81406  Maintenance  and  Breeding  of 
Rabbits  of  Known  Genotype  and  their  Use  for  Immunological  Studies 

Funding 

'I'he  objectlveoand  methods  are  as  outlined  as  above.   The  contract 
facility  performed  over  3,000  injection,  6,400  bleedings  as  well  as 
other  miscellaneous  technical  procedures.   Various  short-term  projects 
and  48  long-term-experiments  involving  breeding,  immunization,  and 
suppression  were  conducted.   Newborn  rabbits  in  62  different  litters 
were  injected  for  tolerance  and  suppression  experiments.   The  contract 
facility  housed  and  fed  an  average  daily  inventory  of  500  rabbits.   They 
carried  out  a  weekly  breeding  program  ('^   328  matings)  and  weaned  and 
tattooed  approximately  500  young  rabbits  ('^   130  litters) .   They  maintained 
records  on  all  the  above  mentioned  activities.   Rabbits  and  reagents 
produced  and  supplied  through  this  contract  were  made  available  to 
numerous  other  investigators  at  the  NIH  and  at  laboratories  throughout 
the  world . 
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UMMARY  OF  WORK  (200  words  or  Icl:,  -  underline  keyword:. ) Research  in  this  laboratory  is 
directed  to  the  understanding  of  mechanisms  of  antibody  diversity  at  the 
molecular,  genetic  and  cellular  levels.   Antigenic  determinants  on  different 
regions  of  immunoglobulin  molecules  have  been  identified  for  six  of  the  eight 
immunoglobulin  rlnsses  prosent  In  the  mouse.  Some  myeloma  proteins  bind  sped  fir 
haptens.   Mice  immunized  with  the  same  haptens  frequently  produce  antibodies 
whlfli  hnv('  IdldtyppH  Mltiilliir  to  t  lioHO  of  Xhv   myolomu  protoluM.   Gi-net  ic  studios 
i|  |n.rilitvi-  iuiil  iir^nai  Ivi-  lilluiyiK'  Htralns  show  tlinr  rlioHt-  Itllutypfs  are  ronrrol- 
led  by  V-region  structural  genes  many  of  which  are  linked  to  allotype.   The 
lumber  of  genes  required  for  the  diversity  of  antibody  is  determined  by  mapping 


the  linked  V  -C   genes  and  determining  their  recombination  frequency.   However 
the  validity  of  these  studies  is  questioned  by  the  finding  that  V  genes  (not 
linked  to  V  )  play  an  important  role  in  determining  the  idiotype.   Idiotypic 
narkers  are  particularly  valuable  for  genetic  studies  of  immunoglobulins  at  the 
:ellular  level.   Different  cells  have  been  examined  for  receptor  molecules  carry- 


ing idiotypes  similar  to  those  present  in  normal  antibodies  and  myeloma  proteins. 


At  present  in  vitro  and  in  vivo  studies  for  specific  idiotypes  are  being  done. 
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1.   Localization  of  Ig  chain  subunlts  associated  with  Inulln  Individual  (Idl) 
and  Inulih  cross  specific  idiotypes  (IdX) 

The  topology  of  inulin  (Inu)  Idl's  and  IdX's  was  studied  in  a  group  of 
BALB/c  ihulin  binding  myeloma  proteins  (InuBMP) .  Allogeneic  anti-idiotype 
serum  was  made  specific  for  Inuldl  by  absorption  with  appropriate  InuBMP  and 
was  tested  by  hemagglutination  (HA)  with  the  homologous  protein  coated  SRBC. 
Monomers  of  recombinant  molecules  consisting  of  either  the  light  or  heavy 
chains  of  the  homologous  protein  combined  with  the  heavy  or  light  chain  of  an- 
other InuBMP  were  the.i  used  as  inhibitors  of  the  Idl  HA  system.   For  example, 
recombinant  molecules  E109L  +  U61H  and  E109H  +  U61L  were  used  to  inhibit  the 
hemagglutination  of  anti  E109  Idl  with  E109  coated  SRBC.   E109IdI  was  only 
inhibited  by  E109L  +  U61H  and  not  by  E109H  +  U61L  nor  by  E109L  or  E109H  chains 
alone  indicating  that  E109  Idl  specificities  were  associated  with  the  E109L 
but  required  an  InuBMP  heavy  chain  to  be  expressed.   Thii;  latter  finding  was 
confirmed  by  thi  lack  of  inhibition  obta  .red  with  E109L  +  XRPC  24.   XRPC  24 
is  a  non- inulin  binding  myeloma  protein.   Two  other  Idl's  namely  U61  and  T957 
gave  similar  results  and  were  associated  with  their  respective  L  chains  but 
required  InuBMP  to  be  expressed.   E109,  U61,  and  T957  Idl's  are  not  in  the 
site  and  are  not  inhibited  by  the  fructan  trisaccharide.   Another  Idl-A4  which 
is  site  associated  was  found  on  A4L  but  did  require  A4H  to  be  expressed. 

The  chains  bearing  the  InuIdX  specificities  were  also  investigated.   Anti 
InuIdX  sera  was  absorbed  with  one  of  the  myeloma  proteins  used  in  the  recombi- 
nant molecules  and  then  tested  by  HI  with  the  other  myeloma  protein  used  in 
the  recombinant  molecules  as  well  as  with  6  other  InuBMP  to  obtain  a  pattern  of 
cross  specificities.   For  example,  the  agglutination  of  anti  T803  absorbed  with 
E109  and  reacted  to  W3082  coated  SRBC  was  inhibited  by  U61  but  not  by  E109 
myeloma  proteins.   Complete  inhibition  was  also  obtained  with  recombinant 
molecules  U61L  +  109H  but  not  by  U61H  +  109L  nor  with  U61L  or  U61H  alone. 
These  findings  indicate  that  U61  IdX  which  is  inhibitable  by  the  hapten  is 
associated  with  U61L  but  requires  an  InuBMP  heavy  chain  for  configuration  to 
be  expressed. 

Another  IdX  system  associated  with  A4  InuBMP  was  found  to  be  inhibited  by 
A4H  +  T957L  but  not  by  A4L  +  T957H  or  A4H  or  A4L  chains  alone.   A4ldX  specif- 
icity was  present  on  the  A4H  chain  but  required  the  T957L  chain  for  configura- 
tion to  be  expressed.   The  correlation  of  serologic  and  structural  findings  is 
under  investigation  and  the  variable  and  hypervariable  regions  of  the  light 
and  heavy  chains  of  U61,  E109,  A4  and  T957  are  being  sequenced. 

To  siiiniii.ir  l7.<-,  idioiypcs  of  Inulin  binding  myeloma  proteins  (InuBMP)  wero 
tli\LiM.  iiiliu-d  prliiuirlly  hy  V  or  V  but  noodod  both  chains  to  be  expressed.   Re- 
cumhiiianl  inolciailt'H  were  used  to  show  that  individual  idiotypes  (Idl)  of  Ubl, 
E109,  T957  and  A4  InuBMP  and  cross  specific  idiotypes  of  U61  (IdXB)  were 
primarily  determined  by  V  chains  while  cross  specific  idiotype  of  A4  (IdXA) 
was  determined  mainly  by  V  chains.   The  assignment  of  genes  controlling 
idiotypes  to  V  based  on  allotype  linkage  (e.g.  IdXB)  is  dubious  until  the 
role  of  the  light  chain  in  determining  that  idiotype  is  assessed.   IdXB  has 

been  shown  to  be  a  V^ -V  marker  which  presumably  is  controlled  by  2  unlinked 
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genes.   However  IdXB  can  be  used  an  a  light  chain  marker  in  combinations  of 
strains  differing  in  their  light  chain  genes  but  having  the  same  permisBlve 
heavy  chain  genes.   Conversely  IdXB  can  be  used  as  a  heavy  chain  marker  In 
strains  having  the  same  permissive  L  chain  genes  but  differing  in  their  heavy 
chain  genes. 

2.  Identification  and  genetics  of  XI  light  chain  allotype  in  the  mouse 

Antisera  prepared  in  SJL  mice  immunized  separately  with  BALB/c  myeloma 
proteins  HOPCl  (X,  IgG2a)  and  MOPC  104E  (A  IgM)  were  absorbed  with  LPC  1 
(k  IgG2a)  and  MOPC  7A4  (k  IgM)  respectively  to  remove  antibody  specificities 
to  IgC„  regions.   Both  antisera  were  X  specific  and  identified  antigenic 
specificities  on  RPC  20  (Xl  BJ) ,  S5444  and  HOPC  1  (XI  IgG2a) ,  J558  (XI  IgA) 
and  MipAK  (XI  IgM)  and  not  on  kappa  myeloma  proteins  of  the  various  classes. 
Distribution  studies  showed  that  most  strains  including  BALB/c,  C57BL/6, 
DBA/2,  A/ J  and  CE  possessed  the  X  marker  designated  XL  except  for  SJL,  BSVS, 
YBR,  DE  and  SJA  which  were  negative.   The  latter  strain  (SJA)  is  congenic  to 
SJL  except  for  the  heavy  chain  of  BALB/c.   Geckler,  _et  al.  (1)  reported  that 
there  were  two  genes  VXl   and  VX   that  affected  the  X  levels  in  immuno- 
globulins of  the  mouse.  We^ therefore  concentrated  the  Ig  qf  SJL  tenfold  but 
still  failed  to  identify  XL  .  A  xenogeneic  goat  anti-M104E  serum  was, pre- 
pared and  made  specific  for  X.  Sera  from  inbred  strains  that  were  XL  or 
XL   were  tested  for  levels  of  X  by  using  them  as  inhibitors  of  the  goat  anti 
M104E  serum  reacted  to  RPC  20  (X,  P,  J)  coated  SRBC  in  an  HI  system.   The 
level  of  X  in  the  serum  was  estimated  by  comparing  the  HI  titer  of  a  known 
amount  of  RPC20  that  gave  complete  inhibition  with  the  HI  titer  of  sera  from  a 
different  strain  that  also  gave  complete  inhibition.   BALB/c  serum  contained 
9.37  ug/ml,  SJL  had  0.58  yg/ml  and  BSVS  1.16  yg/ml  respectively.  The  genetics 
of  XL  and  VX,   were  studied  in  backcross  and  F-  progeny  of  BALB/c  (XL  , 
VX  )  and  SJL  (XL   ,  VX  ).   XL  allotype  genes  segregated  independently  of 
IgC  allotype  genes  and  there  was  no  evidence  of  linkage  of  light  to  heavy 
chains.   Backcross  progeny  of  C/SJL  x  SJL  showed  that  of  12/20  progeny  that 
had  both  allotypes  a_  of  BALB/c  and  a  of  C57BL/  six  were  XL  and  six  were 
XL   .   It  was  found  that  XL  was  associated  with  VX,   ,  AL   was  associated 
with  yx,   .   F2  progeny  levels  tended  to  confirm  latter  finding  but  the  level 
of  VX   associated  with  AL   were  higher  suggesting  some  type  of  regulation. 

3.  Anti-inulin  (62-1  linked  fructan)  response  in  inbred,  Ig  congenic  and 
recombinant  mice. 

Inulin  coupled  separately  to  S.  tel  aviv,  B^.  abortus,  OVA,  BSA  or  KLH 
were  used  to  immunize  a  variety  of  inbred,  Ig  congenic  and  recombinant 
strains.   Kinetic  studies  of  the  anti-inulin  antisera  indicated  a  rapid  rise 
of  anti-inulin  and  anti-levan  HA  titers  which  peaked  on  day  3  (e.g.  BALB/c 
Rive  an  HA  titer  of  9  (lop;  2))  when  injected  with  inulin  bacteria  antigens; 
Inulin  protein  .intlgrn;;  peaked  a  little  later,  at  4-6  days,  with  an  HA  titer 
of  9-11  (log  2).   There  was  a  marked  strain  difference  in  the  Immune  response 
to  inulin  coupled  antigens  and  for  the  most  part  C57BL  did  not  respond  to 
inulin  except  for  a  rare  mouse.   Anti  levan  titers  did  not  appreciably  rise 
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after  inununl^ation  with  inulln  coupled  antigens.   The  inulin  cross  specific 
idiotype  (InuIdX)  found  on  BALB/c  inulin  binding  myeloma  proteins  (InuBMP) 
are  present  on  the  BALB/c  inulin  antibodies  but  not  present  in  the  few 
C57BL  (<  10%)  that  exhibited  inulin  antibodies.-  Mice  with  allotypes    , 
different  than  BALB/c  e.g.  RIII  which  has  the  a  allotype  and  NZB,  the  a 
allotype  gave  a  good  Immune  response  and  produced  inulin  and  levan  anti- 
bodies; only  RIII  ahowed  the  BALB/c  InuIdX. 

The  anti-inulin  response  in  Ig  congenic  and  Bailey  RI  strains  was  high 
only  in  mice  bearing  the  BALB/c  allotype  (a  )  and  included  BC8,  BAB14,  CxBj 
and  CxBg.   All  of  these  strains  were  originally  derived  from  BALB/c  and  C57BL 
crosses  and  were  made  homozygous  for  different  markers.   The  genetics  of 
anti-inulin  response  was  examined  by  testing  immunized  progeny  of  (C57BLxC)F^ 
X  C57BL  for  inulin  and  levan  antibody  titers  and  for  BALB/c  InuIdX.  Mice  having 
both  BALB/c  (a  )  and  C57BL  (a  )  allotypes  had  inulin  and  levan  antibodies  and 
BALB/c  InuIdX.   Progeny  having  a  allotypes  exhibited  anti-levan  but  not 
anti-inulin  antibodies  nor  InuIdX. 

Multiple  InuIdX  have  been  found  in  inulin  antibodies  and  InuBMP  of  BALB/c. 
Anti  InuBMP  sera,  each  showing  a  different  pattern  of  cross-reaction  among  the 
InuBMP  were  used  in  a  PFC  inhibition  test  to  determine:  1)  the  number  of  cells 
making  inulin  antibodies  that  carry  InuIdX  similar  to  those  present  in  normal 
circulating  antibody  and  shared  by  InuBMP;  2)  to  possibly  distinguish  the 
InuIdX' a  of  each  inulin  producing  cell. 

Preliminary  data  show  that:  1)  BALB/c  anti-inulin  and  levan  spleen  PFC  are 
inhibitable  by  goat  anti  mouse  IgM  antiserum;  2)  that  different  anti-InuBMP 
antisera  specificities  gave  different  patterns  of  inhibition. 

In  vitro  studies  of  the  interaction  of  spleen  cells  with  inulin  coupled 
antigens  and  anti  InuBMP  antisera  are  in  progress  to  determine  their  effect 
on  Inu  IdX  and  production  of  inulin  antibody.  Methodology  in  these  studies 
involve:  1)  preparation  of  reagent  APB-AECM- inulin  consisting  of  inulin 
(B2-1  fructan)  linked  to  an  azo  compound  [4-(p-aminophenyl)  butaryl-N-(2- 
aminoethan)  carbamyl  methylated  inulin]  which  can  be  coupled  to  any  carrier 
having  an  NH„  group. 

4.    Studies  of  allotypes  and  idiotypes  of  CB20  and  NZB  myeloma  proteins; 
studies  of  Immtine  response  to  CB20  and  NZB  myeloma  proteins. 

Different  classes  of  myeloma  proteins  have  been  isolated  from 
plasmacytomas  Induced  in  CB20.   These  myeloma  proteins  carry  the  heavy 
chain  of  C57BL/K  and  the  light  chains  of  BALB/c.   Some  of  the  myeloma 
proteins  bind  specific  haptens.   Different  classes  of  myeloma  proteins 
from  NZB  are  also  now  available.   Both  NZB  and  C57BL  have  different  Ig 
genomrs  than  BAT,H/c.  Homologous  antisera  are  being  prepared  to  all  these 
myeloma  proteins  and  their  allotypic  and  idiotypic  determinaotB  are 
being  studied  in  different  recipient  strains  of  mice  as  well  as  their 
immune  response. 
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5.  Studies  of  abnormal  myeloma  proteins  producing. 

a.  2  different  heavy  chains  with  same  Idlotype. 

b.  2  different  idlotypes  with  same  heavy  chain. 

c.  2  different  Idlotypes  and  two  different  heavy  chains. 

Cellular  studies  to  determine  if  a  single  clone  of  cells  produces 
these  anomolles;  the  significance  of  allelic  exclusion  as  well  as  the 
possible  clarification  of  how  a  four  chain  molecule  is  produced. 

One  of  the  studies  of  abnormal  myeloma  proteins  involves  the  study 
of  SAMM  368.   SAMM  368  plasmacytoma  secretes  both  IgG_,-K  and  IgA-K 
proteins.  Ascites  cells  from  SAMM  368  tumor  stained  with  purified  heavy 
chain  class-specific  antiglobullnes  by  fluorescence  shows  single  cells 
have  both  IgG2b  and  IgA  heavy  chains.   Allogeneic  and  Xenogenic  idiotype 
antisera  indicate  that  the  IgA-K  and  IgG^  -k  do  not  share  the  $wne 
idiotypic  determinants.   SAMM  368  bears  IgCH  allotypes  A   '   *   .   SAMM 
368  IgG„,  does  not  type  with  homologous  antisera  but  is  identified  as 
IgG-   by  heterologous  antisera. 

6.  Study  of  the  regulatory  mechanism  of  the  response  to  a  T-independent 
antigen  (lev an  and /or  inulin) 

This  involves  the  study  of  cellular  and  humoral  mechanisms  involved 
in  the  control  of  the  expression  of  clones  stimulated  by  bacteria  levan 
during  the  primary  response. 

Experimental  model  to  be  followed. 

1.  Time  and  dose  effect  relationship. 

2.  Tdlntyplf  suppror.slon . 

3.  Transfer  of  suppressor  activity. 

4.  Estimation  of  number  of  cells  carrying  the  antl-levan  receptor 
and  idiotypic  specificity  (InuIdX) . 

5.  In  vitro  synthesis. 

6.  Investigation  of  the  network  regulatory  mechanism. 

7.  Genetic  and  functional  characterization  of  Lyb  5.1,  a  B-cell  surface 

marker. 

Lyb  5.1  is  an  antigen(s)  which  is  mostly  present  only  on  a  certain 
subpopulation  of  B  cells.   It  is  recognized  by  an  antiserum  made  in 
C57BL/6  mice  against  spleen  cells  from  mice  of  DBA/2  strain  and  absorbed 
with  (CBA/N  X  DBA/2)F  male  spleen  cells  (which  inherit  an  x-linked 
defect  from  this  mutant  parent  CBA/N,  resulting  in  their  inability  to 
respond  to  nome  T- Independent  antigens  like  TNP-Ficoll) .   We  observed 
thai  thia  antlHiTiim  can  InhlMt  the  In  vitro  responses  of  spleen  cells 
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from  (CBA/N  x  DBA/2)F   females,  DBA/2,  DBA/1  and  C3H/He3  strains  of  mice 
to  TNP-ficoll. 

To  see  whether  the  ability  of  this  antiserum  to  block  the  responses 
of  TNP-Ficoll  is  associated  with  ariy  particular  allotypes.   We  studied 
the  segregation  of  these  two  phenotypes  in  16  recombinant  inbred  strains 
obtained  by  crossing  C57BL/6  and  C3H/HeJ  mice.   Preliminary  results 
indicated  that  tt^e  ability  of  anti-Lyb  5.1  to  inhibit  TNP-Ficoll  responses 
was  linked  to  genes  controlling  allotype. 

To  confirm  these  observations,  we  are  presently  investigating  the 
segregation  of  these  markers  in  the  backcross  progeny  between  (BALB/c  x 
DBA/2)F^  and  BALB/c  mice.   The  studies  with  RI  strains  also  suggested  a 
possible  linkage  between  the  genes  for  allotypic  determinants  of  immuno- 
globulins and  the  locus  responsible  for  a  mixed  lymphocyte  response  con- 
trolled by  a  non-MHC  genes  complex.   This  possibility  is  also  being 
investigated  using  the  mice  of  above  mentioned  backcross. 

The  purpose  of  these  studies  is  to  determine  whether  Lyb  5.1  marker 
is  associated  with  the  allotype  locus. 
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The  object  of  this  project  is  to  delineate  the  mechanisms  of  stimulation 
of  B  and  T  lymphocytes  by  an  analysis  of  mitoyen-membrane  interactions.  We 
have  extended  our  prior  studies  to  determine  the  major  lectin  acceptors  on 
human  normal  and  malignant  lymphocytes.   The  chemical  modification  of  certain 
mitogens  has  been  found  to  have  profound  effects  on  their  B  and  T  cell 
specificity.   Biochemical  and  amino  acid  sequence  analysis  of  the  immune 
response  associated  (la)  antigens  of  the  guinea  pig  have  been  initiated  to 
elucidate  their  role  in  the  control  of  the  immune  response.   Preliminary  data 
suggest  that  the  smaller  polypeptide  chain  (la-L)  of  these  antigens  is  coded 
by  genes  within  the  I  region.  Furthermore,  the  data  also  suggest  that  each 
locus  within  a  strain  carries  a  different  gene  for  this  polypeptide  chain. 
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Cell  Surface  Lectin  Acceptors 


We  have  previously  reported  the  Isolation  and  identification  of  ceil 
surface  glycoproteins  on  murine  lymphoid  cells  which  act  as  acceptors  for  the 
binding  of  9  different  lectins.   Our  studies  have  been  expanded  to  include 
the  si  ten  of  interaction  between  concanavalln  A  and  human  malignant  and  normal 
lymphocytcH.   Data  from  thlH  Btudy  suggest  that  human  B  and  T  cells  bind 
conranavfll III  A  through  the  anme  major  net   of  cell  surface  glycoproteins  as  do 
murine  lyinpliocyttiH.   In  the  case  of  B  cells,  these  are  IgM,  IgD,  HLA-A,  HLA-B 
and  la-like  antigens.   Leukemic  B  cells  (CLL)  bear  the  same  acceptors  but 
appear  to  have  many  more  la  molecules  on  their  surface  than  do  normal  B  cells. 
The  human  T  cell  acceptors  were  found  to  be  primarily  composed  of  the  HLA  anti- 
gens.  There  are  also  lower  mol.  wt.  acceptors  which  may  be  the  human  analogue 
of  Thy-1,  a  lectin  acceptor  in  the  mouse  and  also  found  in  the  rat.   Small 
amounts  of  la  may  also  be  present,  but  the  presence  of  these  antigens  was  not 
proven.   Furthermore,  Sezary  cells  (leukemic  T  cells),  which  do  not  respond  to 
Con  A  stimulation,  have  very  similar,  if  not  identical,  acceptors  for  this 
lectin.  This  suggests  that  their  unresponsiveness  is  probably  not  due  to 
difference  in  the  major  acceptors  but  must  lie  in  other  parameters,  such  as 
intrinsic  cellular  defects.   On  the  other  hand,  subtle  but  critical  differences 
in  vital  acceptors  may  not  have  been  detected  by  the  methodology  employed. 

Structure  of  the  la  Antigens 

In  man,  mouse,  and  guinea  pig  I-region  associated  (la)  antigens  appear  to 
be  comprised  of  two  polypeptide  chains  (approximate  mol.  wts.  33,000  and 
25,000)  held  tightly  together  by  non-covalent  forces,  and  at  least  in  certain 
cases  in  the  guinea  pig,  by  disulfide  bonds.   These  polypeptide  chains  will 
tentatively  be  designated  as  la-H  and  la-L  chains  respectively.   It  is  not 
known  whether  only  one  or  both  of  these  chains  bear  the  antigenic  deter- 
minates, and  whether  only  one  or  both  of  these  chains  are  coded  by 
genes  contained  in  the  I  region.   If  both  chains  bear  the  la  determinants, 
they  must  both  arise  from  genes  coded  within  the  I  region.   Each  must 
differ  from  other  chains  coded  by  genes  in  different  loci.   If  both 
chains  do  not  bear  the  la  determinants,  the  one  chain  lacking  the  determinant 
may  be  a  "common"  chain.   This  common  chain  could  be  joined  with  the 
antigenic  chain  from  each  I  locus  to  produce  the  two  chain  structure. 
In  this  case  the  gene  for  the  common  chain  could  be  contairied  in  the  I 
region,  or  elsewhere  in  the  genome.   If  this  gene  is  not  in  the  I  region 
the  common  chain  might  be  identical  in  both  strain  2  and  strain  13 
guinea  pigs  because  these  two  strains  differ  principally  in  the  I  region. 

In  order  to  test  these  possibilities  we  have  determined  the  partial 
amino  acid  sequence  Cor  the  N- terminal  regions  of  three  la  L  chains:   from 
two  sepnrnte' loc-1  (1,5  and  7)  in  strain  13  guinea  pigs  and  from  one  locus 
(A,'))  In  ^;Ll.llll  .' .      rrcliminary  comparison  ol  Lhe  partial  so<iuouce  data  in- 
dicaLud  that  the  amitio  acid  sequences  of  the  chains  from  the  three  loci  are 
difforent.   This  suggoRts  that  the  la-L  chain  is  coded  by  genes  within  the 
I  region  ami  LliaL  each  locus  has  a  different  k»-^iio  tor  the  L  chain. 

7.V0 
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Similar  work  is  being  done  to  determine  whether  or  not  the  la-H  chain 
is  coded  by  a< gene(s)  within  the  I  region  and  whether  it  also  differs  between 
tho  different  loci  In  the  same  strain. 

Mitogenlc  Stimulation  of  Lymphocytes  ' 

This  laboratory  has  previously  reported  that  several  lectins  bind  to  the 
same  major  set  of  acceptors  on  murine  T  and  B  lymphocytes.   It  was  observed 
that  although  both  Pa-1  and  Pa-2  bound  to  the  same  B  cell  acceptors  only  Pa-1 
stimulated  these  cells.   Hence,  it  should  seem  that  some  other  factor,  in 
addition  to  simple  binding  to  mitogen  acceptors,  is  required  to  stimulate  the 
B  cell.  Among  several  possibilities,  an  obvious  one  is  the  diffe^rence  in  the 
polymeric  nature  of  Pa-1  as  opposed  to  monomeric  Pa-2.   Prior  studies  in  the 
literature  have  shown  that  the  attachment  of  certain  T  cell  mitogens  to  solid 
surfaces,  such  as  agarose  beads  or  the  bottom  of  the  culture  vessel,  could 
induce  a  small  B  cell  proliferative  response.   This  laboratory  has  observed 
similar  results  upon  attaching  Pa-2  or  Pa-4  to  agarose  beads.   However,  the  B 
cell  stimulation  obtained  by  these  methods  were  quite  weak  in  comparison  to 
that  elicited  by  Pa-1  or  LPS.   We  sought  to  crosslink  Pa-2  and  certain  other 
T  cell  mitogens  which  bound  to  the  same  acceptors  as  did  Pa-1.   It  was  found 
that  when  the  crosslinking  progressed  until  the  molecular  aggregate  thus 
formed  became  insoluble,  it  was  the  most  active  as  a  B  cell  mitogen. 

The  aggregation  of  Pa-2  yielded  a  product  which  not  only  maintained  its 
activity  as  a  potent  T  cell  mitogen,  but  now  also  was  a  potent  B  cell  mitogen. 
In  both  of  these  properties,  it  was  superior  to  Pa-2  attached  to  the  surface 
of  agarose  beads.   Ig  synthesis  was  stimulated  by  aggregated  Pa-2  in  cultures 
of  spleen  cells  from  both  normal  (BALB/c)  and  the  B  cells  from  athymic  (nude) 
mice.   Similar  results  were  obtained  using  Pa-4  which  had  been  aggregated  by 
crosslinking. 

Aggregated  succinyl  Con  A,  like  aggregated  Pa-2,  stimulated  cell  division 
in  both  T  and  B  l3rmphocytes.   However  it  did  not  increase  immunoglobulin  pro- 
duction by  normal  spleen  cells  nor  by  the  nude  spleen  cells. 

Aggregated  Con  A  remained  a  T  cell  mitogen,  but  did  not  stimulate  B 
cells,  neither  to  proliferate  nor  to  produce  immunoglobulin.   However,  aggre- 
gated Con  A  was  a  much  less  powerful  inhibitor  of  the  normally  ocurrlng  back- 
ground mitoses  of  B  cell  cultures  that  was  Con  A  (see  below) . 

These  findings  support  the  idea  that  B  cell  activation  requires  a  spaced 
polyvalent  series  of  surface  interactions,  as  proposed  by  others,  especially 
irom  studies  with  thymus  dependent  and  thymus  independent  antigens.   This 
data  also  suggests  that  one  of  the  major  changes  necessary  for  the  conversion 
of  T  cell  mitogens  into  B  cell  mitogens  (or  naturally  occuring  differences 
between  them)  is  the  restriction  of  certain  mitosis  inhibiting  properities. 
These  properties  are  reflected  by  mitotic  suppression  on  the  high  side  of 
dose-response  curves  with  T  cells  and  by  the  suppression  of  background  mitoses 
by  Ji  culls.   Perhaps  the  differences  buLwuou  our  results  with  Con  A  and  Ta-2 
may  be  explained  by  these  suppressive  properties.   Con  A  Is  observed  to  be 
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much  more  suppressive  that  Pa-2  (a  much  narrower  concentration  range  for  T 
cell  stimulation  and  a  more  potent  B  cell  supprcHsion) .   The  aggregation  of 
Con  A  may  not  sufficiently  diminish  these  properties  to  allow  B  cell  stimul- 
ation to  be  expressed.   However,  when  Con  A  is  further  inactivated  by  attach- 
ment to  a  solid  support,  the  suppressive  properties  are  further  restricted, 
and  B  cell  stimulation  occurs.   However,  the  absence  or  loss  of  these 
inhibiting  properties  is  not  sufficient  for  lectin  stimulation  of  B  cell. 
The  weak  T  cell  mitogens  Pa-4  and  Pa-5  bind  to  the  same  glycoproteins  on  B 
cells  as  do  Pa-1,  Pa-2,  and  the  other  mitogens.   Pa-4  and  Pa-5  do  not  begin 
to  inhibit  B  cell  mitosis  until  concentrations  of  at  least  1  mg/ml  are  reached. 
If  only  the  lack  of  inhibitory  properties  in  these  mitogens  were  required  for 
the  expression  of  both  B  cell  and  T  cell  stimulating  activities  by  plant  mito- 
gens, then  soluble  Pa-4  and  Pa-5  should  also  be  B  cell  mitogens.   They  are 
not,  but  when  Pa-4  aggregated  it  became  a  B  cell  mitogen.   Pa-5  was  not  test- 
ed.  These  observations  lead  to  the  conclusion  that  in  addition  to  the  remov- 
al of  any  inhibitory  properties,  the  creation  of  new  interaction  patterns 
with  the  cell  surface  appears  necessary  for  the  conversion  of  these  T  cell 
mitogens  into  B  cell  mitogens.   It  has  been  suggested  in  the  literature  that 
bonding  of  T  cell  mitogens  to  solid  supports  results  in  a  local  concentration 
effect  which  leads  to  B  cell  stimulation.   Analogous  studies  on  enzymes  have 
clearly  shown  that  there  is  steric  blocking  of  many  sites,  and  the  average 
activity  per  functional  site  is  reduced.   Hence,  although  the  term  "locally 
concentrated"  may  describe  the  physical  state  of  the  mitogens,  it  implies  the 
wrong  chemical  properties  (increased  activity) .   Indeed  if  the  activity 
(chemical  potential)  of  the  mitogens  were  increased  by  this  procedure  one 
should  expect  an  increase  in  the  inhibitory  properties.   Consequently,  it 
would  seem  that  aggregation  by  crosslinking  or  bonding  to  a  solid  support 
restricts  the  inhibiting  properties  and  imparts  some  other,  presently  uniden- 
tified property,  to  the  mitogen.   This  property  would  seem  to  be  related  to 
the  existence  of  multiply  binding  sites  fixed  over  a  relatively  large  area. 
This  might  allow  sufficient  interaction  between  the  B  cell  and  the  mitogen, 
by  a  spaced  polyvalent  binding  pattern  of  acceptors  on  the  cell  surface,  for 
stimulation  and  at  the  same  time  diminish  the  dense  local  crosslinking  of  the 
cell  surface  and  consequent  inhibition  observed  with  the  soluble  T  cell  mito- 
gens. 
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The  long  range  goal  of  this  laboratory  is  to  determine  the  function  of 
the  immune  response  (Ir)  genes  in  the  regulation  of  the  immune  response  and 
in  the  control  of  immunocompetent  cell  Interactions.  At  present  the  research 
effort  is  divided  into  two  main  areas:  1)  Genetic,  serological  and  physio- 
ohemical  studies  of  the  antigens  of  the  guinea  pig  major  histocompatibility 
complex  (MHC) ;   2)  The  role  of  the  I-region  associated  (la)  antigens  and  Ir 


5ene  products  in  macrophage-T  lymphocyte  interaction  and  T  lymphocyte 
antigen  recognition. 
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Genetic,  Sei;ploglc  and  Physicochemlcal  Studies  of  the  I-Reglon  of  the  Guinea 
Pig  MHC.    ^  ^ 

Studies  over  the  past  year  have  been  directed  at  a  greater  definition 
of  the  I-region  of  the  guinea  pig  MHC,   Because  we  have  been  hampered  by  the 
lack  of  informative  recombinants,  we  have  employed  an  alternative  approach  and 
attempted  to  combine  chemical  characterization  of  the  various  la  antigens 
with  population  studies  of  la  antigens  in  outbred  animals  in  an  effort  to 
ascertain  the  orgnnlzatlon  of  the  I-region.   We  have  Identified  three  new  la 
ant  IgenH  la. 5  iukI  1/;.6  which  are  shared  by  both  strain  2  and  strain  13  animals 
and  la. 7  which  is  present  only  in  strain  13  animals.   We  have  shown  that 
there  are  at  least  three  different  types  of  la  bearing  molecules,  each  with  a 
characteristic  molecular  structure. 

These  physicochemlcal  studies  on  the  genetic  origin  of  the  guinea  pig 
I-region  have  been  combined  with  functional  studies  in  a  direct  approach  to 
determine  whether  an  association  exists  between  specific  la  antigen  genes  and 
Ir  genes  which  are  encoded  within  the  same  haplotype.   Anti-la  sera  directed 
against  multiple  specificities  of  either  the  strain  2  or  strain  13  I-reglon 
produced  a  marked  inhibition  of  the  jLn  vitro  proliferative  response  both  to 
antigens  under  the  control  of  specific  Ir  genes  and  to  antigens  not  under 
unlgenic  control.  We  have  successfully  prepared  monospecific  anti-la  sera 
against  most  of  the  seven  known  guinea  pig  la  determinants.   Such  function- 
ally monospecific  antl-Ia  sera  were  selective  in  their  inhibitory  profile  and 
we  could  demonstrate  an  association  between  individual  la  specificities  and 
specific  Ir  genes. 

Experiments  performed  with  antlsera  to  the  cross  reactive  antigens  la. 5 
and  la. 6  supported  the  concept  that  it  is  antibodies  to  la  antigens  rather 
than  antibodies  to  unique  determinants  of  Ir  gene  products  that  are  respon- 
sible for  the  inhibition  of  T  cell  proliferation.   Thus,  antibodies  to  la. 5 
and  la. 6  which  can  be  raised  against  the  lymphoid  cells  of  non-responder 
strain  2  animals  can  specifically  inhibit  the  response  of  responder  strain  l^ 
cells. 

Role  of  the  Guinea  Pig  MHC  Antigens  In  Immunocompetent  Cell  Interactions. 

The  model  originally  proposed  to  explain  the  histocompatibility  restric- 
tions on  the  interaction  of  antigen-pulsed  macrophages  and  primed  T  lympho- 
cytes was  termed  a  "cellular  interaction  structure"  model.   Essentially,  it 
proposed  that  the  I-reglon  genes  code  for  specific  cellular  interaction 
structures  and  that  homology  between  these  structures  is  necessary  for  effec- 
tive cellular  interactions.   A  second  model  is  derived  from  the  observations 
that  mouse  T  cells  sensitized  to  hapten  or  virus  modified  cells  are  primar- 
ily cytotoxic  for  similarly  modified  target  cells  which  are  H-2D  or  H-2K 
compatible.   This  model  implies  that  T  cells  do  not  recognize  antigen  per  se 
but  can  only  be  sensitized  to  complexes  of  antigen  and  certain  membrane  mol- 
(TiiloM.   Thill  iiiihIi-I  c.in  be  termed  thc^  "complex  .'int  Igon  Ic  doromiinnnt"  model. 
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In  order  to  directly  test  the  "complex  antigenic  determinant"  model 
we  have  developed  an  assay  in  which  non-immune  guinea  pig  T  lymphocytes 
can  be  primed  and  challenged  in  tissue  culture  with  antigen-pulsed 
macrophages.  Experiments  were  therefore  designed  in  which  any  combination 
of  allogeneic  or  syngeneic  lymphocytes  and  macrophages  could  be  tested. 
When  strain  13  T  cells  were  primed  with  strain  13  antigen-treated  macrophages, 
they  could  be  restimulated  in  the  second  culture  with  antigen-treated 
strain  13,  but  not  strain  2  macrophages.  Similar  results  were  observed 
when  strain  2  T  cells  were  primed  with  strain  2  macrophages.   We  were 
tVius  able  to  (hipljcntc  the  observat  Ions  made  on  T  lymphocytes  primed  in 
vivo  with  our  In  v  Uj-o  prim  Inn  t  cclin  l(|ues.   We  have  recently  developed 
an  fxpor I  mental  ayHtfin  to  directly  demonstrate  T  cell  sensitization  to 
antigen-treated  allogeneic  macrophages.  Alloreactive  guinea  pig  thymus- 
derived  (T)  cells  generated  ^  vitro  were  rendered  unresponsive  to 
allogeneic  macrophages  by  treatment  with  bromodeoxyuridine  and  light. 
The  remaining  T  cells  were  subsequently  primed  and  rechallenged  in 
tissue  culture  with  trinitrophenyl  (TNP) -modified  syngeneic  or  allogeneic 
macrophages.   By  this  procedure  we  found  that  the  remaining  T  cells 
primed  with  TNP-modified  allogeneic  macrophages  could  be  restimulated 
only  with  TNP-modified  allogeneic,  but  not  syngeneic,  macrophages. 
Similarly,  if  the  remaining  T  cells  were  primed  with  TNP-modified 
syngeneic  macrophages,  they  could  be  restimulated  only  by  TNP-modified 
syngeneic,  and  not  by  allogeneic,  macrophages.   These  results  indicate 
that  the  genetic  restriction  of  T  cell-macrophage  interactions  is  imposed 
by  the  type  of  macrophage  used  for  initial  sensitization  rather  than  by 
a  requirement  for  self recognition  through  cellular  interaction  structures. 
We  next  determined  if  the  la  antigens  of  either  the  macrophage  or  T  cell 
are  involved  in  an  antigen-specific  response.   It  was  found  that  TNP- 
specific  DNA  synthetic  response  of  BUDR  and  light-treated  T  cells  stimulated 
with  TNP-modified  allogeneic  macrophages  was  totally  eliminated  by 
anti-la  sera  directed  soley  against  the  allogeneic  stimulator  macrophage. 
In  contrast,  anti-la  sera  directed  only  against  the  responder  T  cells 
had  no  effect  on  their  response  to  TNP-modified  allogeneic  macrophages. 

These  findings  indicate  that  macrophage  la  antigens  are  required 
for  efficient   T  cell-macrophage  interactions  and  raise  the  possibility 
that  T  cell  la  antigens  may  not  be  required  for  collaboration  with 
macrophages.   We  therefore  examined  the  effect  of  negative  selection 
with  anri-Ia  serum  nnd  complement  (C*)  on  a  number  of  T  cell  functions 
.■ind  have  clearly  dof  Ineil  two  subpopulat ions  of  guinea  pig  T  lymphocytes. 
One  ".iiliiiopiilnt  Ion  (.••.  suMccpl  I  Me  to  the  lytic  offertH  of  ;in(l-T;i  serum 
.111(1  i;'  .111(1  liulu(l(v;  I  he  iiin|()ilry  ol  the  prlnu-il  r  Ofll;;  which  pro  1  1 1  i-i  ;il  c 
and   wlilcli  produce  iiilnriiLlon  inhibition  factor  in  response  to  specific 
unt  Igen  stimulation  In  vitro.   A  second  subpopulation  of  T  cells  is 
completely  resistant  to  the  lytic  effects  of  anti-la  serum  and  C'  and 
includes  the  primed  T  helper  cell  and  the  T  cell  which  proliferates  in 
response  to  alloantigenic  stimulation  in  the  mixed  leukocyte  reaction 
(MLR) .  We  have  concluded  from  these  studies  that  la  antigens  are  expressed 
on  the  ±n   vivo  primed  T  cells  which  proliferate  in  response  to  antigen. 
However,  the  function  of  la  antigens  on  T  cells  and  their  relationship, 
if  any,  to  the  antigen-specific  T  cell  receptor  Is  the  subject  for 
further  experimentation.  "'TO 
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All  ol  our  exptT  Inu-nlH  have  HUKKeHtocI  Ll\nt  1h  ani  Ik<mi  nxpifiui  Idii  by 
macrophages  Is  crirLi-a.l  to  Llu'  acLlvntlon  of  T  ct'll  ptoll  I  i-rnL  Ion.   Wo 
therefore  applied  the  technique  of  negative  selection  with  anti-la  serum 
and  C  on  macrophages.   Surprisingly,  only  15-20%  of  macrophages  could 
be  lysed  by  anti-la  and  C  treatment.    The  la  negative  macrophages  were 
markedly  deficient  in  their  ability  to  present  protein  antigens  to 
Immune  lymphocytes  and  to  function  as  stimulator  cells  in  the  MLR.   It 
thus  appears  that  la  antigens  are  expressed  on  only  a  minor  subpopulation 
of  macrophages,  but  that  this  subpopulation  plays  a  critical  role  in  the 
activation  of  T  cell  proliferation  to  protein  antigens  and  to  alloantigens. 
Experiments  are  in  progress  to  isolate  and  further  characterize  the  la- 
positive  subpopulation. 
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Introduction 

Previous  genetic  studies  from  this  laboratory  have  demonstrated 
that  Immune  response  (Ir)  genes  encoded  within  the  major  histocompatibility 
complex  of  the  mouse  genome  control  the  ability  of  primed  thjnnus-derived 
(T)  lymphocytes  to  proliferate  ±n   vitro  when  challenged  with  antigen. 
In  addition,  antisera  directed  against  cell  surface  products  coded  for 
by  genes  in  the  I  region  (anti-la  antibodies)  were  shown  to  Inhibit  the 
proliferative  response  In  a  specific  manner.   Since  both  T  lymphocytes 
and  macrophages  (the  two  cell  types  participating  in  this  response)  were 
shown  to  synthesize  la  antigens,  the  site  at  which  anti-la  antibodies 
(and  presumably  the  Ir  gene  products)  exerted  their  effect  was  not 
clear.   Therefore,  our  research  efforts  this  year  have  been  directed 
toward  determining  the  sites  of  expression  of  Ir  gene  products. 

Methods  Employed  and  Major  Findings 

The  approach  we  adopted  was  to  divide  the  T  lymphocyte  proliferation 
assay  into  two  steps  in  an  attempt  to  study  and  characterize  the  role 
played  by  each  cell  type  involved  In  the  proliferative  response.   Antigen 
uptake  and  processing  by  macrophages  were  separated  from  antigen  presentation 
to  and  stimulation  of  T  Ijmiphocytes  by  exposing  various  populations  of 
cells  to  antigen  for  1  hour  at  37  C  and  washing  away  the  unbound  material. 
At  the  same  time,  the  cells  were  Inactivated  with  mitomycin  C  so  they 
would  not  participate  in  DNA  synthesis  when  subsequently  added  to  the  T 
lymphocytes.   The  magnitude  of  the  proliferative  response  was  then 
assessed  by  trltiated  thymidine  incorporation  5  days  after  mixing  the 
cells  In  culture.   The  best  sources  of  presenting  cells,  as  measured  by 
the  magnitude  of  the  response,  were  shown  to  be  spleen  cells  or  nonimmune 
peritoneal  exudate  T  lymphocyte-enriched  cells  (PETLES) .   Unfractlonated 
peritoneal  cells  also  presented  well  at  low  numbers  of  cells  but  appeared 
to  be  suppressive  at  larger  cell  numbers.   Dead  cells  did  not  present. 
Spleen  cells  were  chosen  for  further  studies  because  they  were  technically 
easier  to  prepare. 

Using  this  system  we  discovered  certain  genetic  requirements  for 
antigen  presentation  to  occur.   Allogeneic  spleen  cells  would  not  present 
as  well  as  syngeneic  spleen  cells  and  F  cells  gave  intermediate  levels 
of  stimulation.  Mixing  experiments  demonstrated  that  these  observations 
were  not  caused  by  suppressive  effects  resulting  from  mixed  lymphocyte 
reactions.   Instead  there  was  a  requirement  for  genetic  identity  at  the 
major  histocompatibility  complex  (MHC)  in  order  for  stimulation  to 
occur.   Differences  at  the  Mis  locus  which  generated  large  mixed  lymphocyte 
reactions,  did  not  inhibit  antigen  presentation  if  the  cells  were  histocompat- 
ible  at  the  MHC. .  Genetic  mapping  studies  using  congenic  resistant  lines 
and  their  associated  intra-H-2  recombinant  strains  demonstrated  that 
compatlblii-ty  at  the  1-A  subregion  of  the  MHC  was  sufficient  for  presentation 
of  Llie  antiy,cn,    DNP  ()VA.   Compatibility  at  the  K  region  alone  or  the  K 
and  D  regions  only  were  not  sufficieuL.   These  results  suggested  that 
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primed,  proliferating  T  lymphocytes  had  to  see  antigen  along  with  the 
same  I  region  products  that  were  present  during  the  sensitization  phase 
in  order  lor  them  to  be  restlraulated  to  divide.   However,  the  nature  of 
this  requirement  was  not  clear  from  these  studies. 

The  first  suggestion  that  I  region  products  might  have  to  be  ex- 
pressed in  the  antigen  presenting  cell  (presumably  a  macrophage)  came 
from  presentation  experiments  with  parental  spleen  cells  to,fresBfinder_x 
nonresponder)F  T  lymphocytes.   Using  the  antigen  poly  (Glu  Ala  Tyr  )^ 
[GAT]  we  demonstrated  that  nonimmune  high  responder  or  F  spleen  cells 
could  present  antigen  well  to  F  responder  PETLES  primed  to  GAT,  but 
that  low  responder  spleen  cells  in  three  different  F^  combinations  were 
unable  to  present  GAT,  although  the  low  responder  cells  could  present 
purified  protein  derivative  of  tuberculin  (PPD) .  Mixtures  of  high  and 
low  responder  cells  presented  as  well  as  high  responder  cells  alone. 
Indicating  that  the  failure  of  low  responder  cells  to  present  was  not 
due  to  an  active  suppression  mechanism.   These  results  are  fully  supported 
by  earlier  studies  of  a  similar  nature  in  the  guinea  pig.  Both  studies 
suggest  quite  strongly  that  Ir  gene  products  function  in  macroph£iges . 

A  slightly  more  complex  case  of  genetic  control  of  the  immune 
response  has  recently  been  described  in  thecWouse-f or. antigens  such  as 
poly  (Glu  Lys  Phe  )   [GLi))]  and  poly  (Glu  Lys  Leu  )   [GL  Leu].   In 
these  examples  two  Ir  genes  were  found  to  be  necessary  to  generate  a 
response.   Neither  strain  bearing  a  responder  allele  at  only  one  locus 
could  produce  antibodies  against  the  antigens,  but  F  hybrids  derived 
from  the  two  types  of  nonresponders  were  capable  of  synthesizing  large 
amounts  of  antibody.   Such  complementation  was  also  found  in  certain 
recombinant  strains  derived  from  the  two  nonresponders  in  which  the 
cross-over  event  occurred  between  the  two  Ir  gene  loci.   It  was  of 
interest  to  study  the  T-cell  proliferative  response  to  these  antigens  in 
order  to  test  and  expand  on  the  conclusions  reached  with  unlgenic  Ir 
systems. 

PETLES  from  both  types  of  nonresponder  strains  did  not  proliferate 
in  vitro  when  challenged  with  GL^  or  GLLeu.  This  result  demonstrated 
that  both  Ir  genes' were  expreaseJ  in  the  cells  Involved  in  the  assay  and 
suggested  that  neither  gene  controlled  exclusively  B  cell  function. 
Blocking  studies  with  antl-Ia  antisera  directed  against  products  of  the 
two  subregions  coding  for  the  Ir  gene  products  demonstrated  that  antisera 
against  either  subreglon  could  inhibit  the  proliferative  response.   If 
la  antigens  are  determinants  on  Ir  gene  products,  ^s  suggested  by  our 
previous  data,  then  this  result  places  the  function  of  both  gene  products 
at  the  cell  surface  (or  in  the  supernatant  as  a  factor).  However,  again 
t  the  critical  question  was  raised  as  to  which  cell  type  was  being  inhibited 
from  functioning,  the  T  cell,  the  macrophage  or  both? 

In  order  to  get  at  that  question,  it  was  first  necessary  to  determine 
whether  both  genes  were  expressed  in  the  same  cell  type.   This  question 
j  waH  approached  through  the  production  of  tetraparental  bone  marrow 
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radiation  chimeras.   F   responders  were  lethally  irradiated  and  reconstituted 
with  anti-Thy  1  treated  bone  marrow  cells  from  both  types  of  nonresponder 
parent.   After  2-3  months  the  animals  were  challenged  with  GLif)  and 
their  T-cell  proliferation  responses  measured.   The  chimeras  failed  to 
respond  to  (;L(t>  although  they  responded  well  to  (T,G)-A — L  and  TEPC  15. 
Tlic  rrn|)oiiHcn  lo  the  latter  two  antigens  are  under  unlRenlc  Ir  gene 
colli  rill  MM. I  one  ol  i\n:   two  parental  strains  wnH  capable  of  reaponding  to 
t'/ich  .uu  l|.',iMi.   ThuH,  the  responneti  to  (T,(;)-A — L  and     TEPC  15  served  as 
controls  lor  the  functional  integrity  of  the  parental  cell  types.  The 
results  demonstrated  that  at  least  one  cell  type  required  to  generate  a 
T-cell  proliferative  response  to  GL(j)  in  vitro  must  express  both  Ir-GL4i 
gene  products.  This  suggested  that  both  these  Ir  genes  function  in  a 
similar  manner. 

To  determine  whether  the  antigen  presenting  cell  was  a  cell  type 
which  required  both  Ir  gene  products  to  function,  antigen-pulsing  experiments 
were  carried  out.   Responder  PETLES  from  GL(j)  primed  (nonresponder  x 
nonresponder) F  mice  were  presented  with  antigen  on  F  or  parental 
spleen  cells.   Only  responder  F  spleen  cells  could  present  GLi{) .   Spleen 
cells  from  either  nonresponder  parent  failed  to  present  GLcf),  although 
they  were  capable  of  presenting  PPD.   Mixtures  of  spleen  cells  from  both 
parents  also  failed  to  present  GL<|),  suggesting  that  both  gene  products 
must  be  expressed  in  the  same  antigen  presenting  cell.   Thus,  the  analysis 
of  the  more  complex  genetic  case  of  GL(|)  Ir  genes,  led  to  the  same  conclusion 
as  that  reached  with  unigenic  systems,  namely:   that  Ir  gene  products 
are  expressed  in  antigen  presenting  cells  (presumably  macrophages) . 

Finally,  we  have  recently  undertaken  a  study  of  the  T-cell  proliferative 
response  to  Staphylococcal  nuclease,  a  natural  globular  protein  antigen 
of  possible  clinical  interest.   Although  the  immune  response  to  this 
antigen  appears  to  be  very  complex,  preliminary  experiments  have  demonstrated 
that  the  T-lymphocyte  proliferative  response  to  it  is  under  Ir  gene 
control.   By  using  fragments  of  the  molecule  for  restimulation  in  vitro 
we  were  able  to  demonstrate  from  the  response  patterns  that  several  I 
region  gene  products  are  involved. 

y Kniflcance  to  Biomedical  Research 

Our  attempts  to  understand  the  mechanism  of  T-lymphocyte  activation 
are  ol  fundamental  Importance  to  a  basic  understanding  of  how  the  immune 
system  functions.  Since  this  system  plays  a  critical  role  in  the  bodies 
defense  mechanisms  against  infectious  diseases,  tumors  and  transplanted 
tissues,  achieving  our  goal  would  hopefully  provide  major  insights  into 
how  to  manipulate  the  immune  system  for  the  benefit  of  the  patient. 

I'ropoHcd  Coursf  ol  Wi>rk: 

The  role  oi    Ir  genes  in  the  T-lymphocyte  proliferative  response  to 
other  protein  antigens,  such  as  cytochrome  C,  will  be  undertaken.   The 
effects  of  anti-la  sera  on  the  proliferative  response  to  nuclease  will 
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be  studied  as  a  model  for  mapping  which  Ir  genes  are  involved  in  the 
immune  response.   Attempts  will  be  made  to  sec  up  a  primary  proliferative 
response  ±n   vitro  to  try  and  explore  the  early  effects  of  Ir  gene  products. 
Finally,  the  nature  of  Ir  gene  expression  in  macrophages  will  be  explored. 
Do  the  la-bearing  molecules  have  specificity  for  antigen  or  are  they 
simply  part  of  a  cell  interaction  apparatus  that  must  be  recognized  in 
order  for  lymphocyte  stimulation  to  be  complete? 
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There  is  a  receptor  for  the  third  component  of  complement  (C3)  in  the  human 
renal  glomerulus.   Scanning  electron  microscopic  studies  demonstrates  that  this 
receptor  is  on  an  epithelial  cell.   The  presence  or  absence  of  this  receptor 
was  investigated  in  a  series  of  patients  in  whom  glomerular  C3  was  present  to  a 
variable  extent.   In  those  renal  biopsies  in  which  large  amounts  of  C3  were 
deposited  in  vivo  in  the  glomeruli,  the  C3  receptor  was  not  detectable  or  only 
minimally  detectable,  whereas  in  those  patients  in  whom  only  small  amounts  of 
C3  were  deposited  in  the  golmeruli,  the  C3  receptor  was  present.   In  the  course 
of  the  studies  another  receptor  for  the  Fc  portion  of  Immunoglobulin  (Ig)  was 
detected  in  the  interstitial  areas  of  the  renal  cortex.   These  receptors  are 
detected  by  using  sheep  red  blood  cells  (SRBC)  coated  with  IgG  antibody. 
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In  the  course  of  studying  the  nature  of  mononuclear  cell  infiltrates  in 
tissue  sections  of  human  kidney  it  was  accidently  noted  that  indicator  sheep 
erythrocytes  (SRBC)  coated  with  the  third  component  of  human  complement  (C3) . 
These  IgM  EAC  specif icially  adhered  to  all  the  glomeruli  in  the  tissue  section. 
It  was  further  demonstrated  that  the  C3b  component  of  complement  is  the  moiety 
of  complement  which  binds  to  the  receptor  in  the  glomerulus.   By  using  a  new 
technique  employing  C3  coated  bacteria  to  demonstrate  C3b  receptors  in  tissue 
combined  with  scanning  electron  microscopy  it  was  shown  that  the  epithelial 
cell  of  the  glomerulus  bears  the  receptor  for  C3b.  We  next  studied  a  series  of 
patients  with  diseases  of  the  glomerulus.   It  was  demonstrated  that  in  those 
glomeruli  in  which  C3  was  deposited,  as  determined  by  immunofluorescent  micro- 
scopy, in  the  subepithilial  area,  that  there  was  an  inability  of  IgM  EAC  to 
bind  to  the  tissue  section.  If  C3  was  deposited  in  other  areas,  such  as  mesan- 
gial  cell  or  only  in  the  basement  membranes,  the  binding  of  IgMEAC  to  the 
tissue  section  was  not,  or  only  slightly  interf erred  with.   These  observations 
suggest  that  immune  complexes  bearing  C3b  occupy  these  receptor  sites  in  vivo. 

Current  Results 

More  recently  we  have  observed  that  in  frozen  sections  of  kidney  that  the 
interstitial  areas  of  the  kidney  appear  to  have  a  receptor  for  7S  immunoglobu- 
lin, since  only  a  7SEA  reagent  bound  to  this  area.   Binding  was  specifically 
blocked  by  IgG,  not  by  IgM  or  IgA.   Also  SRBC  coated  with  the  (Fab)„  fragment 
of  IgG  were  not  bound.   Futhermore,  human  red  cells  coated  with  human  antibody 
of  the  IgG  class  also  adhered  to  these  same  cortical  interstitial  sites  of 
kidney  sections.   This  Fc  receptor  in  contrast  to  the  C3  receptor  of  the 
glomerulus  (which  to  date  has  only  been  detected  in  human  kidneys)  is  also 
found  in  kidney  sections  of  common  laboratory  animals.   This  observation 
should  facilitate  studies  of  the  cellular  and  chemical  nature  of  such  a  recep- 
tor. 

The  importance  of  the  demonstration  of  a  receptor  for  C  in  the  human  glo- 
merulus lies  in  its  potential  elucidation  of  the  pathogenesis  of  immune  comp- 
lex deposition  in  glomeruli.   A  feature  of  immune  complex  glomerulonephrtis 
is  the  deposition  of  C  containing  complexes  in  the  glomerulus  leading  to  C 
mediated  immune  injury.   The  present  finding  suggests  that  a  possible  mechan- 
ism for  this  is  the  selective  fixation  of  C3b-bearing  immune  complexes  to  the 
glomerular  C  receptor.   Thus,  antigen-antibody  complexes  containing  C3b  activ- 
ated via  the  classical  pathway  (analogous  to  EAC)  or  complexes  containing  C3b 
produced  by  alternate  pathway  activation  (analogous  to  C3-coated  fluorescent 
hncterlu)  mny  bo  selectively  localized  within  the  glomerulus  rather  than  in 
otht-r  (:u[)  1.1  1.1  ly  l)i'd.';. 

In  turn  the  demonstration  of  the  receptor  for  7S  immunoglobulin  in  the 
cortical  interstitial  areas  of  the  kidney  may  further  our  understanding  of 
the  binding  of  immune  complexes  to  this  portion  of  the  kidney  and  immunologi- 
cally mediated  diseases  of  the  renal  interstituim. 

The  existence  of  a  C3b  receptor  in  the  glomerulus  as  well  as  its  location 
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on  the  epithilial  cell  has  been  independently  confirmed  by  several  other 
groups  and  investigation  of  the  C3b  receptor  of  the  human  ren^l  glomerulus 
has  now  become  an  active  area  of  investigation. 

Now  thgt  a  receptor  for  IgG  has  been  detected  in  the  cortical  intersti- 
tial area  of  the  kidney  we  plan  to  study  biopsies  from  patients  with  inter- 
stitial nephritis  to  see  if  we  can  identify  immune  complexes  in  these  areas 
and  to  also  determine  whether  section  of  such  specimens  will  have  a  diminished 
capacity  to  bind  7SEA  ^Jl  vivo. 

The  precise  anatomic  localization  of  these  receptors  will  also  be  inves- 
tigated in  collaboration  with  Dr.  M.  Shin  using  thin  section  as  well  as  scan- 
ning electron  microscopy.   For  this  purpose  bacteria  coated  with  7S  antibody 
will  be  used  as  the  indicator  particle. 
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RESEARCH  HIGHLIGHTS 

During  the  past  year,  staff  of  the  laboratory  reported  their 
research  in  44  publications.   An  additional  45  are  currently  in  press. 
Some  of  the  highlights  of  this  research  appear  in  the  following  sections. 

RICKETTSIOSES 

Coincident  with  a  tremendous  Increase  in  the  number  of  human  cases 
of  Rocky  Mountain  spotted  fever  (RMSF) ,  we  have  received  an  increasing 
number  of  requests  from  state  health  departments  for  assistance  in  the 
diagnosis  and  control  of  this  disease.   Collaborative  investigations  were 
continued  in  New  York,  Massachusetts,  South  and  North  Carolina,  Ohio,  and 
Texas  and  were  initiated  in  Connecticut,  Arkansas,  and  Georgia.  As  a  WHO 
Collaborating  Center  for  Rickettsial  Reference  and  Research,  we  filled 
requests  from  West  Germany,  Austria,  Sweden,  Turkey,  Egypt,  Nigeria,  India, 
and  China  (through  WHO)  for  12  rickettsial  seeds,  21  antigens,  and  13 
standard  antisera. 

Of  particular  interest  this  year  was  the  recurrence  of  RMSF  in  areas 
on  Long  Island,  N.Y.,  that  had  been  disease-free  for  many  years.   Forty 
cases,  with  4  deaths,  were  recorded  on  Long  Island.   Two  and  one-half 
percent  of  313  ticks  removed  from  patients  were  infected  whereas  4.6%  of 
1,665  flagged  ticks  were  infected.   In  a  similar  study  conducted  in  South 
Carolina,  the  Infection  rate  in  Dermacentor  variabilis  was  3.9%.   Of  51 
residents  of  this  state  bitten  by  infected  ticks,  11  contracted  RMSF,  9 
were  treated  prophylactically  with  broad-spectrum  antibiotics,  and  31 
remained  well  without  treatment.   The  failure  of  infected  ticks  to  transmit 
RMSF  rickettsiae  to  a  large  proportion  of  its  victims  has  been  confirmed  in 
studies  in  Montana  and  other  states.   These  findings  suggest  that  1)  ticks 
carry  nonpathogenic  strains  antigenically  similar  to  typically  virulent 
RMSF,  2)  that  many  ticks  were  removed  before  transmission  could  occur,  or 
3)  that  not  all  infected  ticks  are  capable  of  transmitting  the  agent. 
(Burgdorfer,  Krinsky) 

In  a  comparative  evaluation  of  the  duration  of  immunity  afforded  by 
commercial  and  experimental  particulate  vaccines,  we  found  the  level  of 
proLoctlou  afforded  by  the  latter  was  much  greater.   It  was  also  discovered 
LliuL  the  wuscupLibility  of  guinea  pigs  to  the  standard  challenge  of  1,000 
IU5Q  doaea  of  Rickettsia  rickettsil  Increased  remarkably  with  age  of  the 
guinea  pig.   We  are  now  trying  to  determine  whether  these  findings  reflect 
a  true  loss  of  protection  or  an  Increase  in  susceptibility  related  to 
advancing  age  of  the  guinea  pig.   (Ormsbee) 
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Rickettsioses  (cont'd) 

The  antigenic  relationships  among  members  of  the  spotted  fever  group 
have  been  studied  by  three  approaches  -  microimmunofluorescence  (micro-IF) , 
thermal  denaturation  of  DNA,  and  Immunoelectrophoresis.   The  results 
obtained  by  micro-IF  are  particularly  Interesting  because  they  have  revealed 
wide  distribution  of  a  number  of  types  thought  to  be  restricted  to  a  single 
species  of  tick  in  selected  localities.   R.  montana,  thought  to  be 
restricted  to  £.  variabilis  in  eastern  Montana,  has  now  been  found  in  11 
eastern  and  central  states.  R.  rhipicephali,  originally  isolated  from 
Rhipicephalus  sanguineus  in  southeastern  U.S.A.,  has  been  found  in  D. 
andersoni  in  western  Montana  and  D.  occidentalia  in  Oregon.  An  agent, 
similar  to  one  recovered  from  D.  variabilis  in  Arkansas  in  1966,  has  been 
demonstrated  in  D.  andersoni  taken  in  the  Bitterroot  Valley.   (Philip, 
Burgdorfer) 

So  far,  all  isolates  from  PMSF  patients  in  eastern  U.S.A.  are 
indistinguishable  from  those  causing  human  disease  in  western  U.S.A.  and 
the  Sheila  Smith  strain  used  for  vaccine  production.   Those  from  patients 
in  Brazil  and  Colombia,  South  America,  and  in  Costa  Rica  are  the  same  as 
U.S.A.  strains  pathogenic  for  man.  Two  strains  from  Slovakia,  proposed  as 
a  new  species,  are  the  same  as  R.  sibirica  from  Russia.  Strains  of  R. 
conorii  from  4  widely  separated  African  and  Indian  countries  were 
indistinguishable  from  each  other.   (Philip,  Burgdorfer) 

The  guanine  plus  cytosine  composition  of  DNA  of  6  strains  of  R. 
rickettsii  was  not  distinguishable  from  that  of  R.  conorii.   However,  by 
the  electrophoresis  of  solubilized  proteins  from  purified  rickettsiae, 
distinct  differences  were  shown  in  protein  bands  between  R.  rickettsii 
and  R.  rhipicephali.   (Anacker,  McCaul) 

These  results  of  antigenic  analyses  have  provided  more  questions 
than  answers.   So  far,  all  strains  isolated  from  man  are  antigenically 
homogeneous,  but  those  isolated  from  different  species  of  ticks  and  animals 
are  more  heterogeneous  than  heretofore  realized.   One  wonders  whether  these 
antigenic  differences  are  true  genetic  variations  or  are  phenotypic 
variants  of  the  same  organism,  similar  to  the  phase  variation  seen  in 
Coxiella  burnetii. 

SYSTEMATICS  OF  TICKS 

The  ability  of  the  scanning  electron  microscope  (SEM)  to  reveal 
features  of  ticks  not  discernible  by  conventional  phase  microscopy  has 
enabled  us  to  clarify  the  classification  of  some  confused  genera  and  species. 
A  major  review  of  the  subgenus  Argas  of  the  neotropical  zoogeographic  region 
has  resulted  in  identification  of  one  new  species  and  the  resurrection  of 
2  lost  taxa.   The  SEM  has  also  been  valuable  in  clarifying  the  epidemiology 
of  human  babesiosis.   This  disease  is  currently  limited  to  Nantucket  Island 
and  nearby  regions  along  the  New  England  coast,  which  is  only  a  small 
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Systematics  of  Ticks  (cont'd) 

portion  of  the  geographic  distribution  of  the  presumed  tick  vector,  Ixodes 
scapularis.  We  have  recently  shown  that  northern  populations  of  this  tick 
are  sufficiently  different  from  southern  populations  to  warrant  recognition 
as  a  new  species,  I^.  dammani .  More  extensive  collections  will  be  made  of 
ticks  thought  to  be  I^.  scapularis  to  determine  the  distribution  of  both 
species.   It  will  be  interesting  to  determine  whether  human  babesiosis 
occurs  only  in  the  range  of  I .  dammani. 

Satisfactory  progress  has  been  made  in  computerizing  the  tick 
collection.  All  RML  and  NAMRU-3  tick  records  (105,000  total)  have  been  put 
into  the  Smithsonian  computer.  The  complete  file  has  now  been  returned  for 
editing  and  correcting  errors.  This  task  should  be  completed  during  the 
next  year.   (Keirans,  Clifford) 

ARTHROPOD-BORNE  VIRUSES 

Last  year  we  reported  establishment  of  a  continuous  cell  culture 
from  D^.  parumapertus.   During  a  study  of  growth  of  24  strains  of  mosquito- 
borne  and  tick-borne  virus  in  this  system,  17  were  found  to  multiply  without 
cytopathic  effect.   In  general,  viruses  from  Ixodidae  multiplied  to  higher 
levels  than  did  those  from  Argasidae.   In  contrast  to  the  ability  of 
mosquito  cell  cultures  to  selectively  support  growth  of  mosqulto-bome 
viruses ,  B.   parumapertus  cell  line  and  primary  tick  cell  cultures  support 
growth  of  both  tick-borne  and  mosquito-borne  viruses.   (Yunker,  Bhat) 

The  use  of  Vero  cell  cultures  has  been  found  to  be  a  choice  method 
for  isolating  both  viruses  and  rickettsiae  directly  from  ticks.   Nineteen 
strains  of  RMSF  fever  were  isolated,  of  which  many  failed  to  cause  disease 
in  guinea  pigs.   Of  36  pools  of  South  African  Omithodoros  capensis  group 
ticks  cultured  in  Vero  cells,  6  yielded  a  Hughes  group  agent  and  one  a 
Quaranfil  group  agent.  Of  49  pools  of  related  ticks  from  San  Lorenzo 
Island,  Gulf  of  California,  Mexico,  22  isolates  of  Raza  (Hughes  group)  virus 
were  obtained.   Six  isolates  of  Sixgun  City  virus  and  one  of  Sapphire  II 
virus  were  recovered  from  Montana  populations  of  Argas  cooleyi.  The 
prevalence  and  world  distribution  of  these  viruses  among  seabird  ticks 
reflect  the  role  of  migration  of  seabirds  in  the  dissemination  of  these 
agents.   (Yunker,  Thomas,  Clifford) 

COLORADO  TICK  FEVER  (CTF) 

This  disease  is  the  most  prevalent  tick-borne  disease  in  the  North- 
west.  Through  liaison  established  with  local  physicians  and  our  ability  to 
easily  identify  infected  ticks  by  micro-IF,  we  can  now  examine  the  risk 
factors  in  this  disease.   During  the  past  2  years,  482  D.  anderaoni  that 
had  bitten  persons  were  submitted  for  examination  and  8.7%  contained  CTF 
virus.   This  infection  rate  is  comparable  to  that  found  by  a  survey  of 
3,700  unfed  adult  ticks  collected  in  18  different  localities  in  the 
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Colorado  Tick  Fever  (cont'd) 

Bllterrool;.   01"  )■)  pcTHonu  blLten  by  CTF  positive  ticks,  17  developed  a 
1 ebrlie  illnesH  confirmed  aa  CTF.   On  this  baBla,  the  chance  of  acquiring 
CTF  in  the  Northwest  is  about  one  for  every  25  tick  bites.  The  tick-bite 
rate  for  Ravalli  County  is  estimated  at  11.8/1,000.  Hence,  the  projected 
number  of  cases  of  CTF  in  Ravalli  County  would  be  about  35.   (Philip, 
Casper) 

HOST  ECTOPARASITE  RELATIONSHIPS 

Studies  on  this  project  have  been  reoriented  more  toward  investiga- 
ting immunologic  parameters  that  affect  the  relationship.  We  have  shown 
that  guinea  pigs  acquire  resistance  to  larvae  of  D.  andersoni  after  one 
infestation.  Resistant  guinea  pigs  allow  fewer  larvae  to  engorge  during  a 
second  exposure  than  during  the  initial  one  and  larvae  fed  on  resistant 
guinea  pigs  weigh  less  than  those  fed  on  normal  animals.   Significant  cell- 
mediated,  humoral,  and  complement-dependent  immune  responsiveness  was 
associated  with  resistance.   Lesions  at  the  site  of  larval  attachment  on 
resistant  guinea  pigs  were  characterized  by  intense  basophil  Infiltrations. 
An  antigenic  complex  derived  from  ticks  induced  delayed  hypersensitivity, 
stinrulated  antigen  specific  in  vitro  blastogenesis  of  lymphocytes  from 
resistant  animals,  and  induced  resistance  in  vaccinated  guinea  pigs. 
(Wikel,  Bell) 

RABIES 

In  our  continued  studies  on  the  survival  of  animals  from  rabies,  we 
have  been  concerned  about  the  immune  mechanisms  involved  in  recovery  and 
the  persistence  of  virus  in  recovered  animals.  By  monitoring  the  antibody 
levels  in  the  serum  and  central  nervous  system  of  recovered  dogs  and  cats, 
we  have  obtained  evidence  of  continuous  antigenic  stimulus  in  some  animals. 
This  year  we  recovered  rabies  virus  ftom  one  of  2  seropositive  cats  affected 
for  2  1/2  years  with  progressive  paralysis  and  atrophy  of  the  Inoculated 
limb.   Serology  findings  and  clinical  signs  suggest  that  these  were  slow 
virus  infections  in  the  true  sense.   The  results  of  a  search  for  viral 
antigen  with  the  fluorescent  antibody  technique  Indicate  that  virus  is 
present  in  very  limited  foci.   Also,  histopathologic  changes  suggest  focal 
distribution  of  vlruH,  Wliether  viral  proliferation  or  an  autoimmune  reaction 
wua  rospoiisiblu  lor  the  progressive  disease  has  not  been  determined.   (Bell) 

PATHOGENIC  FUNGI 

Continued  studies  of  the  immune  response  of  rabbits  to  Groups  A  and 
B  strains  of  Candida  albicans  revealed  that  antibodies  reactive  to  common 
antigens  or  mannans  appear  first  and  Group  A  specific  antibodies  appear 
later  in  the  Immune  response.   If  animals  were  first  immunized  with  Group  B 
cells  and  then  inoculated  with  Group  A  cells,  even  a  strongly  immunizing 
strain,  they  remained  unresponsive  to  the  Group  A  specificity.   If  animals 
were  first  Inoculated  with  a  weakly  immunizing  Group  A  strain,  an  enhanced 
A  response  was  not  obtained  after  a  booster  dose  of  a  strong  A  immunizing 
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strain.   The  factor (s)  controlling  these  responaes  is  Something  other  than 
the  humoral  response  to  the  first  antigen,  because  prior  inoculation  with 
antiserum  did  not  affect  antibody  produced  to  the  specific  antigen. 
(Hasenclever) 

PERTUSSIS 

For  several  years,  we  have  been  developing  a  method  for  fractionating 
and  purifying  "pertussigen",  a  major  component  of  Bordetella  pertussis 
responsible  for  most  of  the  biologic  activities  of  this  organism.  By 
treating  the  crude  extract  with  dansyl  reagent  before  its  passage  through 
a  P-200  BioGel  column  and  by  adding  Triton  X  100  to  the  IM  Nacl-0.05M  Na- 
pyrophosphate  buffer  used  in  sucrose  density  gradient  centrifugation,  we 
are  now  able  to  secure  working  quantities  of  pure  pertussigen. 

In  further  exploration  of  the  means  by  which  pertussigen  causes 
histamine  sensitivity  in  mice,  we  compared  the  effects  of  pertussigen, 
endotoxins,  adrenergic  blocking  agents,  and  antihistamines  on  the  uptake  of 
3H-thjTnidlne  in  the  DNA  of  isoproterenol-stimulated  mouse  parotid  salivary 
gland.   The  3-adrenerglc  blocking  agent,  propranol,  inhibited  uptake,  but 
a-blocking  agents,  antihistamines,  and  pure  preparations  of  pertussigen  did 
not.  However,  crude  preparations  of  pertussigen  and  endotoxins  of  B^. 
pertussis.  Salmonella  enterltldis,  and  Escherichia  coll  reduced  uptake. 
These  findings  indicate  that  the  reported  blockage  of  3-adrenergic  receptors 
by  pertussigen  is  due  to  endotoxin  contaminants  and  not  due  to  pertussigen 
itself. 

Exploiting  our  discovery  of  last  year  that  endotoxins  induce  a 
striking  histamine  sensitivity  in  mice,  we  defined  the  parameters  of  this 
phenomenon  and  evaluated  it  as  an  assay  method  for  endotoxin.  The  endo toxic 
potencies  of  13  substances  having  a  broad  range  of  activity  were  compared 
In  standard  assays  for  pyrogenlcity  in  rabbits,  lethality  to  chick  embryos, 
and  in  the  histamine  hypersensitivity  test  (HHT) .  The  HHT  was  equal  in 
sensitivity  to  the  chick  embryo  lethality  test.  Our  findings  Indicate  the 
HHT  to  be  reliable  and  sensitive;  it  is  also  less  expensive,  more  easily 
performed,  and  simple  to  interpret  because  the  endpolnts  are  determined  by 
the  percentage  of  deaths  among  mice  given  different  dilutions  of  test 
materials.   (Munoz,  Bergman) 

IMMUNOLOGY  OF  VIRAL  AND  NEOPLASTIC  DISEASES 

Although  different  viral  diseases  are  used  as  models  In  the  following 
interrelated  projects,  all  are  oriented  toward  elucidating  the  basic  immune 
and  host  defense  mechanisms  Involved  in  the  pathogenesis  and/or  recovery  of 
animals  from  viral  diseases. 
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Immunology  of  Viral  and  Neoplastic  Diseases  (cont'd) 

Friend  mouse  leukemia  virus.   During  further  studies  on  the  genetics 
that  control  recovery  from  Friend  virus  leukemia  in  mice,  we  have  now 
confirmed  that  the  Rfv-1  gene  is  located  in  the  D  region  of  the  H-2  complex. 
Using  mice  with  identical  Rfv-1  genotypes,  but  which  varied  at  other  regions 
near  the  H-2  complex,  we  have  found  a  second  gene  (Rfv-2)  that  influences 
recovery;  Jt  1h  thought  to  he  in  the  K  or  I  region  of  the  H-2  complex  or 
the  'I'la  region  next  to  11-2.   Furthermore,  the  results  of  some  backcroas 
experiments  suggest  influence  by  a  single,  dominant  non-H-2  gene  that  is 
responsible  for  eliminating  FV  viremia  in  the  presence  of  ongoing 
progressive  leukemia. 

The  precise  defense  mechanisms  controlled  by  these  genes  have  not 
been  clarified.   Spleens  and  bone-marrow  of  recovered  mice  contain 
T-lymphocytes  that  kill  virus-laden  leukemic  cells  in  vitro,  but  we  are  not 
certain  that  these  are  critical  in  vivo  effectors  of  recovery.  We  have 
shown  that  thymus-derived  cells  are  required  for  recovery  and  that  recovery 
can  be  effected  by  passive  transfer  of  limnune  spleen  cells.  The  role  of 
antiviral  antibody  in  modulating  virus-induced  cell  membrane  antigens  has 
not  been  clarified.  Mice  that  rarely  recover  (H-2s/*  genotype)  produce 
antiviral  antibody  that  eliminates  FV-cell-associated  antigen  in  spleen  and 
blood,  in  spite  of  progressive  leukemia.  However,  we  do  not  know  whether 
this  reduction  results  from  a  survival  of  a  virus-free  cell  population  or 
the  influence  of  antibody  on  the  expression  of  viral  antigen  of  each  cell. 
(Chesebro) 

Host  Defense  Mechanisms  in  Viral  Diseases.   Last  year  it  was  shown 
that  a  single  dose  of  nonviable  whole  cell  Mycobacterium  tuberculosis  oil 
vaccine  protected  mice  against  encephalomyocarditis  virus  (EMCV)  for  at 
least  8  weeks.  During  further  studies  of  this  problem,  we  showed  that  the 
same  resistance  was  induced  by  BCG  cell  wall  oil  vaccines;  vaccines 
prepared  without  oil  provided  significant  (580%)  protection  for  3  weeks 
whereas  that  with  oil  protected  for  at  least  12  weeks.  Mice  vaccinated 
intravenously  or  intraperitoneally  were  protected  against  virus  challenge 
given  intravenously,  intraperitoneally,  subcutaneously  or  intramuscularly, 
but  not  intracranlally.  However,  mice  vaccinated  Intramuscularly  or 
subcutaneously  were  not  protected  against  virus  given  by  any  route.  The 
mode  of  action  is  currently  being  studied,  and  it  has  been  shown  that 
Initial  virus  replication  is  impeded  by  factors  other  than  interferon.  Few 
vaccinated  mice  are  viremic  and  <50%  of  survivors  have  antibodies  to  EMCV. 
The  application  of  mechanisms  active  in  this  model  may  be  useful  in  the 
treatment  of  chronic  viral  diseases  or  those  with  longer  Incubation  periods, 
such  as  herpes  simplex  or  rabies.   (Lodmell) 

Rule  of  Ig  Classes  In  Immune  Phenomena.   The  failure  of  neonatal 
mink  iuocuiaLed  with  Aleutian  disease  (AD)  virus  to  develop  the  typical 
disease  has  prompted  inquiry  into  the  ontogeny  of  Ig  classes  in  this  species. 
IgG  serum  levels  increased  during  the  early  nursing  period  to  normal  adult 
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Immunology  of  Viral  and  Neoplastic  Diseases  (cont'd) 

levels  (7-10  mg/ml)  by  the  eighth  day  and  then  declined  until  the  fifth 
week  (1-2  mg/ml),  despite  large  amounts  in  the  mother's  milk.   IgM  and  IgG 
sjmthesis  was  noted  in  spleen  and  lymph  nodes  at  one  day  of  age.   However, 
IgA  was  not  detected  in  kit  serum  until  39  days  of  age  and  in  vitro 
synthesis  could  not  be  demonstrated  before  75  days  of  age.  We  have  found 
an  Important  involvement  of  IgA  in  the  pathogenesis  of  AD  in  adulf  mink, 
and  itK  rtbtienca  In  mink  kita  could  markedly  alter  the  course  of  the  diseaae. 
(Coe) 

Because  various  allergic  reactions,  such  as  passive  cutaneous  and 
systemic  anaphylaxis  are  difficult  to  induce  in  the  Syrian  hamster,  we 
examined  the  capacity  of  the  hamster  mast  cell  to  release  histamine  that 
normally  mediates  these  reactions  in  other  species.   Hamster  cells 
functionally  express  IgG2  on  their  membranes  and  62%  of  total  histamine  was 
released  on  expsoure  to  specific  anti-IgG2.  No  histamine  was  released  after 
exposure  to  anti-F(ab')2  alone,  but  exposure  to  a  combination  of  this 
antisera  and  anti-IgG2,  in  a  critical  concentration  ratio,  caused  100% 
release.   Although  most  mast  cells  expressed  both  IgG2  Fc  and  F(ab')2 
determinaiits,  they  were  relatively  refractory  to  the  interaction  of  reagents 
with  the  F(ab')2  portion  of  the  molecule.   These  results  suggest  a  defect  in 
the  transduction  of  cell  signals  from  the  Fab  to  the  Fc  portion  of  mast- 
cell-bound  Ig,  and  the  model  may  be  helpful  in  explaining  signal  delivery 
across  the  cell  membrane.   (Portis) 

MICROBIAL  COMPONENTS  IN  CANCER  IMMUNOTHERAPY 

During  the  past  several  years,  we  have  clearly  shown  that  the  basic 
combination  of  elements  of  an  effective  cancer  immunotherapy  system  required 
an  Immunogen  of  microbial  origin,  and  an  adjuvant  that  will  complex  the 
immunogen  to  small  oil  droplets  suspended  in  saline.   We  have  now  found  that 
the  most  effective  adjuvant  is  a  long-chain  mycolic  acid  (C30  to  C90) 
esterif led  to  the  disaccharide  trehalose  (P3) .  C90  mycolic  acids  alone  or 
esterified  with  the  monosaccharide  were  less  toxic  than  P3,  but  were  also 
less  effective.  Phenol-water  extracts  of  organisms  such  as  BCG,  Re  mutant 
gram-negative  bacteria,  and  Q  fever  rickettsiae  are  more  useful  immunogens 
for  the  treatment  of  naturally  occurring  cancer  because  they  contain  only 
about  1%  protein  and  do  not  elicit  undesirable  allergic  reactions  associated 
with  the  use  of  whole  organisms  that  contain  30%  to  40%  protein. 

To  date,  the  most  effective  adjuvant -antigen  system  developed  for  the 
treatment  of  line-10  tumors  in  guinea  pigs  is  a  combination  of  cell-wall 
skeleton  of  BCG,  P3 ,  and  Re-mutant  glycolipid.   This  combination  regressed 
line-10  tumors  extremely  rapidly  and  older  more  highly  metastasized  tumors 
were  successfully  treated.   In  fact,  regional  metastases  could  be  eliminated 
after  the  primary  tumor  had  been  excised.   Because  of  the  potential 
usefulness  of  tlils  regimen  for  treating  naturally  occurring  cancer,  we 
initiated  a  collaborative  study  with  the  USDA  Range  Experiment  Station, 
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Miles  City,  Montana.   Seventeen  Hereford  cattle  affected  with  squamous  cell 
carcinoma  of  the  eye  were  treated  according  to  varying  schedules.  Early 
observations  suggest  that  at  least  50%  of  treated  cows  were  cured  whereas 
the  disease  in  controls  has  progressed. 

Reasonable  progress  has  been  made  toward  conducting  treatment  trials 
of  selected  cancers  of  man.  FDA  has  inspected  RML  as  a  nonclinical 
laboratory,  supporting  the  IND  applications  of  the  M.D.  Anderson  Hospital 
and  Tumor  Institute,  Houston,  and  the  University  of  Minnesota  School  of 
Medicine.   In  initial  phase  I  trials  at  these  institutions,  23  patients 
affected  with  advanced  malignant  melanoma  have  been  treated  with  a 
combination  of  P3  and  BCG  cell  wall  skeleton  (CWS) .  Most  of  these  patients 
had  been  treated  without  success  with  BCG  by  scarification.   In  2  patients 
all  lesions,  untreated  as  well  as  treated,  have  regressed.   In  8  additional 
patients,  lesions  regressed  by  more  than  50%,  but  the  response  was  not 
complete.   Currently,  safety  tests  of  CWS,  P3,  and  Re  mutant  glycolipd  are 
being  conducted  in  laboratory  animals  in  preparation  for  their  use  in  the 
treatment  of  human  cancer.  As  soon  as  these  are  completed.  Phase  I  trials 
will  begin  in  man. 

Although  our  primary  concern  is  elucidating  the  fundamental  immune 
mechanisms  involved  in  successful  cancer  immunotherapy,  we  will  continue  to 
cooperate  with  institutions  in  conducting  treatment  trials  In  man, 
particularly  with  new  regimens  found  effective  in  the  line-10  guinea  pig 
tumor  and  other  systems.   (Ribl,  McLaughlin,  Cantrell,  Smith,  Mizuno) 

IMMUNOPOTENTIATION  BY  MYCOBACTERIAL  FRACTIONS 

During  the  past  year,  major  efforts  were  made  to  elucidate  the 
chemical  and  physical  requirements  of  adjuvants  effective  in  cancer  Immuno- 
therapy and  in  protecting  animals  against  tuberculosis.  Trehalose  mycolates, 
when  properly  combined  with  oil  droplets  and  given  intravenously  to  mice, 
caused  a  granulomatous  response  and  protected  mice  against  tuberculosis. 
These  esters  generated  an  in  vitro  chemotactic  substance  from  plasma. 
However,  not  all  trehalose  esters  of  various  fatty  acids  were  potent 
chemotaxigens  and  effective  adjuvants  in  causing  tumor  regression.  Neither 
methyl  caters  nor  free  mycolic  acids  produced  chemotactic  factors  nor 
protc>(-t(>d  in  I  ro  against  tuberculosis. 

By  comparing  the  adjuvant  activity  of  various  naturally  occurring 
and  synthetic  trehalose  esters,  we  showed  that  a  critical  molecular  size 
and/or  a  particular  molecular  configuration  of  the  fatty  acid  residue  was 
required  for  efficient  tumor  regression  by  Re  glycolipid.   Trehalose  esters 
formed  with  single  types  of  mycolic  acid  and  those  of  2-eicosyl-3-hydroxy- 
tetracosanoic  acid,  corynomycolic  acids,  and  nocardomycolic  acids  were 
potent  adjuvants.  Neither  trehalose  esters  of  docosanoic  nor  palmitic  acids 
were  active  in  tumor  regression.  Thus,  it  appears  that  an  a-branched. 
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6-hydroxy  fatty  acid  with  a  carbon  number  from  40  to  60  approaches  the 
minimal  structural  requirement  for  the  expression  of  adjuvant  activity  in 
tumor  regresBlon.   Furthermore,  the  adjuvant  must  bind  the  Re  glycollpid 
to  tho  oil  drupletB  In  suspension.  The  binding  mechanism  proposed  is  that 
polar  portions  of  Re  glycollpid  interact  with  polar  portions  of  mycolic 
fatty  acids  or  fatty  acid  esters  whose  nonpolar  hydrophobic  tails  are 
buried  in  the  mineral  oil  droplet.   Thus,  this  complex  would  then  serve  as 
a  biologically  active  depot  of  immunopotentiating  microbial  substances  in 
vivo.   The  results  of  previous  studies  have  consistently  indicated  that 
cell-mediated  immunity  is  principally  potentiated.   Indeed,  we  found  that 
the  passage  of  spleen  cells  of  recovered  animals  with  tumor  cells  inhibited 
tumor  growth  if  the  spleen  cell  to  tumor  cell  ratio  was  at  least  200:1. 

This  basic  mechanism  of  selectively  activating  cell-mediated  Immunity 
should  have  wide  application  in  the  prophylaxis  and  treatment  of  human  and 
animal  diseases  in  which  cellular  immunity  is  a  prominent  part  of  the  normal 
host  defense  system.   It  may  even  be  useful  for  restoring  the  normal 
functions  of  immune  systems  of  cancer  patients  who  have  received  prolonged 
chemotherapy  or  other  drugs  that  adversely  affect  the  reticuloendothelial 
system.   (McLaughlin,  Cantrell,  Rlbi) 

ENDOTOXINS 

The  demonstration  last  year  that  endotoxins  of  Re-mutant  gram- 
negative  bacteria,  when  combined  with  P3,  had  remarkable  tumor  regressive 
activity  has  prompted  attempts  to  fractionate  the  substance  and  separate 
toxic  portions  from  those  active  in  cancer  immunotherapy.   So  far,  all 
attempts  to  chemically  detoxify  endotoxins  without  affecting  tumor 
regressive  potency  have  failed.  Toxicity  was  reduced  10-fold  by  trans- 
methylation, acetylation,  succinilation,  and  phthalylation,  but  tumor 
regressive  potency  was  reduced  50%.   It  was  impossible  to  improve  the  cure 
rate  by  increasing  the  dosage  of  partially  detoxified  material.   Endotoxins 
would  be  much  more  acceptable  for  treating  human  cancers  if  the  substance 
could  bo  detoxified,   lience,  further  attempts  will  be  made  to  remove  toxic 
portions  by  centrifugal  and  pressure  elutlon  chromatography  through  micro- 
part  icu  late  gels.   (Ribi,  Von  Eschen) 

PATHOGENESIS  OF  SLOW  VIRAL  DISEASES 

IXiring  the  past  year,  major  emphasis  was  directed  toward  clarifying 
facets  of  the  epizootiology  of  scrapie  and  its  relationship  to  mink. 
encephalopathy.   In  an  attempt  to  resolve  the  question  of  intrauterine 
infection,  we  Inoculated  23  Suffolk  fetuses  at  75  to  100  days  gestation. 
Traces  of  scrapie  virus  were  recovered  from  4  of  7  killed  at  6  to  9  months 
of  age.   In  another  experiment,  7  neonatal  lambs  were  inoculated  directly 
into  the  tonsil  and  none  of  these  had  virus  when  killed  5  to  7  months  later. 
Although  the  results  of  these  experiments  are  not  too  informative,  these 
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findings  generally  confirm  the  long  eclipse  phase  seen  in  the  natural 
disease  and  that  fetuses  are  no  more  susceptible  than  older  sheep. 

Although  epizootiological  observations  indicate  that  natural  out- 
breaks of  mink  encephalopathy  were  initiated  by  the  ingestion  of  feed 
contaminated  with  scrapie  virus,  the  2  agents  are  not  Identical.  The  mink 
virus  has  now  been  carried  through  3  intracerebral  passages  in  goats, and  in 
contrast  to  wild  scrapie  virus,  the  third  passage  virus  is  nonpathogenic 
for  mice.  However,  a  single  passage  of  scrapie  virus  that  is  pathogenic 
for  mice  will  alter  its  pathogenicity  for  mink.  At  this  time,  it  appears 
that  mink  encephalopathy  virus  is  a  variant  of  scrapie  virus,  but  further 
studies  will  be  required  to  clarify  its  true  identity.   Also,  the  pronounced 
spongiform  change  and  astrocytosis  found  throughout  the  cerebral  cortex  of 
third  passage  goats  is  distinctly  different  from  lesions  seen  in  goats 
inoculated  with  scrapie  virus. 

The  sedimentation  behavior  of  scrapie  virus  in  homogenates  of 
infected  mouse  spleen  was  determined  by  analytical  differential  centrifuga- 
tion.  The  various  fractions  obtained  by  this  technique  were  identified  by 
enzymatic  and  chemical  markers  and  assayed  for  infectivity  by  titration  in 
mice.  Most  of  the  virus  sedimented  with  free  polyribosomes.  This  was  not 
appreciably  changed  when  the  preparation  was  sonicated  or  treated  with 
sodium  deoxycholate  and  lysoleclthin.  Nor  were  the  sedimentation  properties 
of  the  virus  changed  by  heating  the  preparation  to  80*C  for  30  minutes, 
which  destroyed  the  ribosomes  but  not  the  infectivity  of  the  virus.  These 
findings  suggest  that  scrapie  virus  is  a  discrete  infectious  particle 
separable  from  cellular  membranes.  Up  to  now  the  most  popular  notion  about 
the  nature  of  scrapie  virus  is  that  it  is  an  integral  part  of  such 
membranes.   Isolation  of  scrapie  virus  by  this  method  may  now  be  feasible. 
This  work,  done  in  collaboration  with  Dr.  S.  Pruslner,  is  a  promising 
approach  to  purifying  and  characterizing  scrapie  virus.   (Hadlow,  Race) 
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ADMINISTRATIVE  REPORT 

Last  year  I  discussed  the  opportunities  for  program  planning  that 
would  be  created  by  retirements  of  senior  staff  the  next  few  years.   I  and 
a  number  of  other  staff  believed  that  our  research  programs  in  virology 
were  too  diverse  and  we  could  become  more  effective  if  we  recruited  a 
senior  virologist  who  could  coordinate  programs  toward  a  major  goal. 
However,  each  time  a  candidate  was  brought  to  the  laboratory,  it  became 
increasingly  apparent  that  junior  virologlsta  on  the  staff  were  reluctant 
to  change  their  programs  and  work  Jointly  on  a  common  problem.  Honce,  this 
plan  was  cancelled,  and  I  began  recruiting  staff  fellows  from  which  career 
scientists  could  be  selected  for  permanent  positions  in  programs  the  new 
Institute  management  wishes  to  support  for  the  next  decade. 

During  the  past  year,  four  fellows  were  recruited  and  a  fifth. 
Dr.  James  Collins,  will  report  in  October  1977.  Dr.  Collins  will  work  with 
Dr.  B.  Chesebro  on  Friend  virus  leukemia.  Presently,  Dr.  Peter  Sadowski, 
also  assigned  to  the  Allergy  and  Immunology  Section,  is  working  with 
Dr.  Munoz  on  the  influence  of  pertussigen  on  IgE  synthesis.   Dr.  John 
Cantrell  and  Dr.  Kenneth  Von  Eschen,  assigned  to  the  Molecular  Biology 
Section,  are  working  with  Dr.  Ribi  on  various  immunological  problems 
related  to  cancer  immunotherapy.   Dr.  Stephen  K.  Wikel,  assigned  to  the 
Medical  Zoology  and  Zoonotic  Diseases  Section,  is  working  with  Dr.  J.  F. 
Bell  on  the  immunology  of  ectoparasltism.   Two  additional  young  scientists 
were  returned  to  RML.   Dr.  Marshall  Bloom  returned  from  a  period  of 
training  in  the  Laboratory  of  Biology  of  Viruses,  NIAID,  and  Dr.  John 
Portis,  a  former  Research  Associate,  was  recruited  after  he  had  completed 
his  residency  in  pathology  at  UCLA. 

The  visiting  program  was  used  to  provide  training  to  some  select 
young  scientists  and  to  recruit  some  special  talents  needed  for  our 
research  on  cancer  Immunotherapy.  As  part  of  our  responsibility  as  a  WHO 
Collaborating  Center  for  Rickettsial  Reference  and  Research,  we  are 
providing  training  to  two  visiting  fellows  -  Dr.  Johann  Kurz,  Universitat 
Graz,  Austria,  and  Dr.  Tom  McCaul,  London  School  of  Hygiene  and  Tropical 
Medicine.   Dr.  Raoul  Toubiana,  Centre  National  de  la  Recherche  Scientifique, 
a  prominent  biochemist,  collaborated  with  Dr.  Ribi  for  3  months  on 
synthesizing  adjuvants  and  defining  the  structural  requirements  of  potent 
adjuvants  in  cancer  immunotherapy.  Dr.  Kazue  Fukushi,  Hirosaki  University 
School  of  Medicine  (Visiting  Scientist  for  1  year)  and  Dr.  Ichiro  Azuma 
(Visiting  Scientist  for  3  months)  will  collaborate  with  Dr.  Ribi  on  various 
facets  of  research  on  cancer  immunotherapy.   Dr.  U.K.M.  Bhat  completed  his 
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third  year  as  a  Visiting  Fellow.   He  was  successful  in  establishing  a 
continuous  cell  culture  from  the  tick,  Dermacentor  parumapertus  while  he 
was  here.  Dr.  Yusuke  Mizuno,  Hokkaido  University,  Sapporo,  Japan, 
completed  his  second  year  as  a  Visiting  Fellow  and  returned  to  Japan.  He 
worked  with  Dr.  Ribi  on  several  projects  on  cancer  immunotherapy. 

During  the  past  year,  Dr.  Robert  Gerloff ,  Dr.  Kelsey  Milner,  and 
5  support  staff  retired.  Dr.  William  Krinsky  completed  his  third  year  as 
Research  AsBoclate  and  accepted  a  position  in  the  Departfflant  of  Epidemiology 
and  Public.  ilnnlLh,  Yale  llnlvernlty  School  of  Medicine. 
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HONORS  AND  AWARDS 

Participation  of  the  staff  in  the  following  activities  is  a 
reflection  of  the  recognition  afforded  the  staff  by  their  peers  in  the 
scientific  conmunity.  An  increasing  number  of  the  staff  have  been  asked 
to  serve  in  an  editorial  capacity  for  scientific  journals. 

Awards : 

Dr.  R.  A.  Ormsbee  -  Recognized  by  American  Academy  of  Arts  and  Sciences  and 
the  American  Philosophical  Society  as  one  of  the  Top  1,000  Contemporary 
Scientists  in  Biochemistry  and  Molecular  Biology. 


Editorial  Boards  of  Journals! 


Dr. 

W. 

Dr. 

c. 

Dr. 

R. 

Dr. 

E. 

Dr. 

H. 

Dr. 

C. 

Burgdorfer  -  Acta  Tropica 

M.  Clifford  -  Journal  of  Medical  Entomology 
A.  Ormsbee  -  Journal  of  Clinical  Microbiology 
Ribi  -  Infection  and  Iimnunity 

G.  Stoenner  -  American  Journal  of  Veterinary  Research 
C.  E.  Yunker  -  Journal  of  Parasitology 

Six  additional  staff  members  -  Drs.  B.  W.  Chesebro,  J.  Munoz, 
D.  L.  Lodmell,  J.  L.  Cantrell,  C.  A.  McLaughlin,  and  J.  E.  Coe  -  served  as 
reviewers  ot  papers  sent  them  by  the  American  Journal  of  Epidemiology, 
Journal  uf  Infectious  Diseases,  Science,  Journal  of  Immunology,  Journal 
of  the  National  Cancer  Institute,  Proceedings  of  the  National  Academy  of 
Sciences,  American  Journal  of  Tropical  Medicine  and  Hygiene,  Journal  of 
Medical  Entomology,  Journal  of  Ultrastructure  Research,  Annals  of  the 
Entomological  Society  of  America,,  Cancer  Immunology  and  Immunotherapy,  and 
European  Journal  of  Cancer. 

Professional  Posts; 

Dr.  H.  F.  Hasenclever  -  Chairman,  Standards  and  Examining  Committee  for 
Public  Health  and  Medical  Laboratory  Mycology,  and  Member,  American 
Board  of  Medical  Microbiology.   Chairman,  Nominating  Committee, 
Division  F,  Medical  Mycology,  American  Society  for  Microbiology. 

Dr.  R.  A.  Ormsbee  -  Chairman,  Subcommittee  on  Taxonomy  of  the  Rickettsiales, 
International  Committee  on  Systematic  Bacteriology,  LAMS. 
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Dr.  E.  Ribi  -  Chairman,  Tuberculosis  Panel,  U.S. -Japan  Cooperative  Medical 

Science  Program. 
Dr.  W.  J.  Hadlow  -  President-Elect,  American  College  of  Veterinary 

Pathologists. 
Dr.  C.  E.  Yunker  -  Member,  International  Committee  on  Polar  Viruses. 

Convener,  Symposium  on  Transmission  of  Acarine-Borne  Diseases, 

5th  International  Congress  of  Acarology. 
Dr.  il.  C.    Stoenner  -  Co-chairman,  Leptospirosis  Committee,  U.S.  Animal 

Health  AaHoclation. 

Invited  Lectures  and  Participation  in  Symposia; 

Drs.  J.  Munoz,  B.  W.  Chesebro,  L.  A.  Thomas,  E.  Ribi,  C.  M.  Clifford, 
J.  L.  Cantrell,  C.  E.  Yunker,  C.  A.  McLaughlin,  H.  F.  Hasenclever,  and 
S.  K.  Wikel  presented  papers  at  meetings  or  symposia  sponsored  by  9 
international  organizations. 

Because  of  the  restrictions  in  travel  funds,  numerous  invitations 
to  present  lectures  at  colleges  and  universities  and  to  participate  in 
nationally-sponsored  symposia  were  declined.   However,  12  staff  members 
presented  32  lectures  at  various  colleges  and  universities  that  assumed 
most  of  the  travel  expenses  connected  with  these  lectures. 
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SUMMARY  OF  WORK  (200  words  or   less  -  underline  keywords) 

I 

This  project  pertains  to  the  spotted  fever  problem  in  the  United  States  and 
includes  studies  related  to  the  ecology,  identification,  and  characterization 
of  RlckcttBlq  rickettsii,  and  of  closely  related  hitherto  undescribed  tick- 
borno  rlckuttsiae  in  this  country.   Direction  and  scientific  support  are 
provided  to  outside  agencies  (etate  health  departments,  public  health 
laboratories,  hospital,  physicians,  etc.)  in  establishing  educational  programsl 
about  ticks  and  tick-borne  diseases,  in  conducting  tick/rickettsial  surveys, 
and  in  training  personnel  in  recently  developed  diagnostic  procedures.   This  ! 
project  also  deals  with  the  cellular  and  subcellular  interaction  of  tick-borne' 
agents,  particularly  ricketteiae,  and  their  vectors. 
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Project  Description; 


Rocky  Mouatain  spotted  fever  (RMSF)  continues  to  be  the  most 
important  rickettsial  disease  in  the  United  States,  with  a  record  number  of 
cases  being  reported  this  year.  As  a  result,  there  has  been  an  increasing 
demand  for  guidance  and  assistance  in  epidemiologic  and  ecologic  studies, 
particularly  in  laboratory  evaluation  of  field  material  and  in  the  training 
of  health  laboratory  personnel  in  rickettsial  methodology. 

Collaborative  investigations  were  continued  in  New  York,  Massachusetts, 
North  and  South  Carolina,  Ohio,  and  Texas,  and  were  initiated  in  Connecticut, 
Arkansas,  and  Georgia. 

In  Long  Island,  New  York,  the  number  of  spotted  fever  cases  in  1976 
was  the  highest  ever  recorded  in  that  area;  there  were  40  confirmed  cases, 
including  4  deaths.   Of  313  ticks  removed  from  patients,  2.5%  were  infected 
with  spotted  fever-group  rickettsiae.  Of  1,665  ticks  collected  from 
vegetation,  78  (4.6%)  were  infected.  Of  particular  Interest  is  the 
reappearance  on  Long  Island  of  FMSF  in  areas  where  the  disease  has  been 
absent  for  many  years. 

On  Cape  Cod,  one  of  the  most  popular  tourist  areas  in  the  U.S.,  two 
to  three  cases  of  spotted  fever  are  being  contracted  every  year,  suggesting 
the  presence  of  rather  limited  foci  of  Rickettsia  rickettsil.  To  localize 
these  foci,  we  initiated  a  survey  throughout  the  Cape  for  antibodies  to 
R.  rickettsii  among  dogs.  Of  2,400  dogs  examined  so  far,  120  had  antibodies 
in  titers  >1:40  as  determined  by  indirect  FA.  During  the  past  year,  84 
owners  of  seropositive  dogs  have  periodically  submitted  for  rickettsial 
examination  Dermacentor  variabilis  removed  from  their  animals.  Rickettsiae 
of  the  spotted  fever  group  have  been  found  so  far  in  ticks  from  18  different 
localities.  Although  far  from  being  complete,  the  study  already  suggests 
that  there  are  at  least  three  distinct  "hot  spots"  on  the  Cape.   Isolation 
and  identilication  ol  the  rickettsiae  in  ticks  are  in  progress  (see  Project 
No .  ZOl  Ai  00065-04) . 

In  South  Carolina,  the  number  of  RMSF  cases  declined  from  85  in  1975 
to  50  in  1976.   However,  the  percentage  of  infected  D.  variabilis  increased 
from  3.1%  to  3.9%,  suggesting  that  the  decline  in  spotted  fever  cases  may 
havo  been  due  to  some  undetermined  factors.   Of  51  persons  bitten  by 
rickettsiao-positive  ticks,  11  (21.6%)  developed  clinical  manifestations 
and  were  treated  with  broad-spectrum  antibiotics.  Of  the  remaining  40 
persons,  only  9  received  antibiotics  prophylactically .   The  fact  that  31 
persons  remained  well  without  treatment  suggests  the  presence  in  ticks  of 
spotted  fever-group  rickettsiae  nonpathogenic  to  man. 

Isolation  and  identification  of  rickettsiae  from  ticks  and  patients 
from  various  geographic  areas  throughout  the  U.S.  have  been  continued  to 
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determine  the  spectrum  and  distribution  of  the  various  spotted  fever-group 
serotypes  (see  Project  No.  ZOl  AI  00065-04) .   So  far,  only  R.  rickettsii 
has  been  etiologlcally  associated  with  human  spotted  fever.   The  rarity 
with  which  this  serotype  ig  found  in  field-collected  ticks  raises  the 
question  whether  a  "phase  variation"  or  "antigenic  diversion"  phenomenon  is 
responsible  for  the  numerous  serotypes  encountered  in  nature. 

In  cooperation  with  the  University  of  Georgia,  a  project  was  initiated 
to  determine  whether  the  common  practice  of  relocating  wild  trapped  raccoons 
into  areas  of  relatively  low  animal  density  could  contribute  to  dispersal 
of  Infected  ticks  and  the  creation  of  new  spotted  fever  foci.   So  far, 
rickettslae-inf ected  ticks  (D.  variabilis  and  Ixodes  scapularis)  have  been 
detected  on  raccoons  from  Florida  and  from  St.  Catherines  Island  off 
Georgia.  Preliminary  identification  of  these  rickettsiae  revealed  no 
relationship  to  either  the  spotted  fever-  or  typhus-group  rickettsiae,  or  to 
Coxiella  burnetii. 

A  limited  survey  of  ticks  from  the  U.S.  Army's  Yakima  Firing  Range 
in  Central  Washington  revealed  8  of  53  D.  andersoni  infected  with  a  spotted 
fever-group  rickettsia  whose  identification  is  in  progress. 

In  a  study  to  determine  how  long  rickettsial  organisms  can  be 
detected  microscopically  in  dead  ticks,  it  was  established  that  R.  rickettsii 
is  detectable  by  conventional  microscopy  for  no  longer  than  24  hours  but  by 
fluorescence  microscopy  for  at  least  240  hours  after  death  of  a  tick. 
Accordingly,  ticks  killed  during  removal  from  a  patient  or  animal  are  still 
suitable  for  examination  providing  smears  are  being  prepared  from  their 
tissues  and  are  stained  with  anti-R.  rickettsii  conjugates. 

During  a  wtuily  on  the  dynamics  of  rickettsial  development  in  the 
urKasld  tick,  Ornlthodoroa  parkeri,  a  microaporidian  protozoan  was  detected. 
Thlfl  protozoan,  which  was  found  to  be  transmitted  ovarially  as  well  as 
transstadially,  was  named  Noflema  parkeri  sp.  n.  because  light  and  electron 
microscopic  characterization  revealed  similarities  to  Nosema  species  of 
insects,  crustaceans,  and  trematodes. 

During  the  past  year,  the  following  investigators  spent  limited 
periods  of  time  at  RML  to  receive  training  in  the  application  of  tick 
examination  techniques  and  of  serologic  procedures:  Dr.  Chris  Eisemann, 
WRAIR,  Washington,  D.C.;  Dr.  C.-O.  Kindm^rk,  Uppsala,  Sweden;  Dr.  R.  F. 
Teclaw,  Texas  Dept.  of  Health  Resources,  Austin;  Mr.  D.  Wanchinga,  Zambia; 
Dr.  A.  Liebisch,  Institute  fiir  Parasitologie,  Hannover,  Germany; 
Dr.  S.  C.  Waring,  Texas  A  &  M,  University  College  Station,  Texas; 
Dr.  J.  Davis,  Duke  University  Medical  Center,  Durham,  N.C.,  and  Dr.  J.  White, 
State  of  New  York  Dept.  of  Health,  Stony  Brook,  N.Y. 
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RML  continued  to  serve  as  a  WHO  Collaborating  Center  for  Rickettsial: 
Reference  and  Research  in  the  Western  Hemisphere.   As  such,  it  has  filled 
requests  froni  West  Germany,  Austria,  Sweden,  Turkey,  Egypt,  Nigeria,  India, ; 
U.S.A.,  and  through  WHO,  China,  for  12  rickettsial  seeds,  21  rickettsial 
antigens,  and  13  standard  antisera. 

Several  state  health  departments  and  research  institutions  are  now 
capable  of  conducting  their  own  tick-rickettsial  surveys  and/or  tick 
examination  services.   These  include  the  state  health  departments  of  South 
Carolina,  New  York,  Ohio,  Virginia,  and  Texas,  and  Dr.  Murray's  microbiology 
department  at  Harvard  University.  Therefore,  RMJ^'s  assistance  is  no  longer 
required  or  is  limited  to  isolation  and  characterization  of  rickettsial 
agents  from  ticks  and  patients.  Upon  request,  guidance  and  assistance  will 
be  provided  to  new  outside  agencies  initiating  educational  or  survey 
programs. 

Characterization  of  rickettsiae  related  to,  but  distinct  from,  the 
spotted  fever  agent,  R.  rickettsli,  detected  in  and  isolated  from  various 
species  of  ticks  will  be  continued  in  an  effort  to  clarify  the  complex 
taxonomy  of  tick-borne  rickettsiae  (see  Project  Nos.  ZOl  AI  00065-04  and 
ZOl  AI  00081-16). 

A  study  will  be  initiated  to  determine  survival  time  of  R.  rickettsli 
in  clotted  whole  blood  and  in  heparinized  blood  stored  at  room  and  at 
refrigeration  temperatures.  The  results  will  be  of  particular  value  to 
diagnostic  laboratories  engaged  in  testing  blood  samples  from  clinically 
proven  or  suspected  spotted  fever  cases. 

RML  will  continue  to  serve  as  a  WHO  Collaborating  Center  for 
Rickettsial  Reference  and  Research. 


Publications: 

Krinsky,  W.  L.  and  Burgdorfer,  W. :   Trypanosomes  in  Amblyomma 
americanum  from  Oklahoma.  J.  Parasltol.  62:  824-825,  1976. 
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Bacteriol.  26:   554-560,  1976. 

Krinsky,  VJ.  L.:   Nosema  parkeri  sp.  n.,  a  microsporidian  from  the 
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1977. 
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Rickettsiae  and  Rickettsial  Diseases,  Smolenice,  Czechoslovakia, 
June  21-25,  1976. 

Burgdorfer,  W.:  The  spotted  fever-group  diseases.   In  Steele,  J.  H. 
(Ed.):   CRC  Handbook  of  Zoonoses. 

Burgdorfer.  W.:   Current  status  of  tick-borne  typhus  (Rocky  Mountain 
spotted  fever)  in  the  United  States.  Proc.  4th  Int.  Congress  of 
Acarology,  Saalfelden.  Austria,  August  12-19,  1974. 

Benach,  J.  L.,  White,  D.  J.,  Burgdorfer,  W..  Keelan,  T.,  Gulrgls,  S., 
and  Altieri  R.  H. :   Changing  patterns  in  the  incidence  of  Rocky 
Mountain  sp;tt;d  fever  on^ong'lsland  (1971-1976).   A..  J.  Epidemiol. 

Krinsky.  W.  L.  and  Hayes,  S.  F.:   Fine  structure  of  the  sporogonic 
stages  of  Nosema  parkerl.  J.  Protozool. 
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The  general  purpose  of  this  project  is  to  study  the  Immune  responses  in  man 
and  animals  to  natural  and  experimental  rickettsial  Infections.   Currently, 
we  are  studying  1)  the  prophylactic  qualities  of  rickettsial  vaccines  against 
spotted  fever,  epidemic  typhus  fever,  and  Q  fever  with  respect  to  physical 
and  chemical  qualities  of  the  antigens  and  persistence  of  protection  in 
experimental  animals  over  protracted  periods  of  time,  2)  the  effect  of  age  of 
guinea  pigs  on  their  ability  to  combat  rickettsial  infections,  3)  rickettsial 
endocarditis  caused  by  Coxiella  burnetii,  4)  effectiveness  of  the  antibiotic, 
rifampin,  against  rickettsiae  in  cell  culture  systems,  and  5)  the  possible 
existence  of  common  antigens  in  some  strains  of  Chlamydia  psittaci  and  some 
bacteria  including  the  agent  of  Legionnaires  disease. 
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Project  Description: 


Disease  caused  by  Coxiella  burnetii  includes  rickettsial  endocarditis. 
This  very  dangerous  and  often  fatal  disease  is  not  effectively  treated  by 
the  usual  broad-spectrum  antibiotics,  although  tetracycline  is  the  most 
effective  in  acute  Q  fever.  We  have  demonstrated  that  the  antibiotic, 
rifampin,  in  a  tissue  culture  system,  is  200  times  more  effective  than  other 
tetracycline  on  a  weight  basis.  These  data  suggest  that  rifampin  should  be 
tried  in  therapy  of  rickettsial  endocarditis. 

We  have  studied  extensively  a  case  of  rickettsial  endocarditis  with 
respect  to  the  Immune  reaction  in  the  patient  and  the  Isolation  and 
characterization  of  a  phase  I  strain  of  £.  burnetii  from  the  patient's 
heart  valve.  This  patient  is  now  being  treated  with  rifampin.  We  hope  to 
report  additional  information  on  the  progress  of  this  case  at  a  later  date. 

Our  studies  on  the  long-term  prophylactic  efficacy  of  commercial  and 
experimental  spotted  fever  vaccines  have  revealed  that  protection  afforded 
by  both  types  of  vaccine  decreased  during  the  12  months  following  vaccina- 
tion.  Commercial  vaccines  tested  were  less  effective  than  experimental, 
particulate  (whole  rickettsia)  vaccines  in  affording  long-term  protection. 
It  was  also  discovered,  however,  that  the  susceptibility  of  guinea  pigs  to 
challenge  with  1,000  ID50  doses  of  R.  rickettsii  increased  with  age  of  the 
guinea  pigs.  Therefore,  we  are  now  attempting  to  detennine  whether  or  not 
the  apparent  decline  in  prophylactic  potency  of  spotted  fever  vaccines  in 
guinea  pigs  is  the  result  of  loss  of  specific  immunity  or  an  increase  in 
susceptibility. 

In  the  course  of  an  examination  requested  by  Dr.  Gary  Lattimer  for 
possible  involvement  of  £.  burnetii  in  his  patients  affected  with 
Legionnaires  disease,  we  were  able  to  demonstrate,  by  indirect  immuno- 
fluorescence test,  significant  humoral  antibody  titers  against  the  6BC 
strain,  but  not  other  strains,  of  Chlamydia  psittacl.   We  also  found  anti- 
body titers  against  a  bacterium  we  had  isolated  from  human  placental  tissue 
from  a  patient  suspected  to  have  recrudescent  infection  with  C^.  burnetii. 
Neither  of  these  agents  appears  to  be  identical  with  published  descriptions 
of  the  bacterial  agent  of  Legionnaires  disease.   It  seems  possible, 
therefore,  that  we  may  have  found  another  example  of  shared  antigenic 
determinants,  analogous  to  that  of  Proteus  mlrabills  OXK  and  R. 
tsutsugamushi  and  ?_.   vulgaris  0X2  and  0X19  with  R.  prowazekii. 

We  plan  to  continue  our  study  of  rickettsial  vaccines:   to  estimate 
the  relative  protective  potency  of  soluble  and  particulate  vaccines  and  the 
immune  mechanisms  involved  in  immunity  induced  by  soluble  as  compared  to 
particulate  antigens.   We  plan  also  to  continue  our  study  of  the  possible 
common  antigenic  determinants  among  the  agent  of  Legionnaires  disease,  the 
bacterium  we  have  isolated  from  human  placental  tissue,  and  Chlamydia 
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psittacl.   We  intend,  as  possible,  to  examine  the  antibody  specificities  of 
the  large  IgM  component  which  is  characteristically  found  in  the  blood  of 
patients  with  rickettsial  endocarditis,  because  it  may  relate  either  to 
antigen-antibody  disease  or  auto-antibody  disease  caused  by  rickettsial 
endocarditis. 
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Coxiella  burnetii  differs  from  other  rickettsiae  in  that  it  undergoes  a 
change,  phase  I->pha8e  II,  during  cultivation  in  chick  embryos  and  may  undergo 
the  reverse,  phase  II-»-phase  I,  in  animals.   The  phase  shift  is  characterized 
by  loss  or  gain  of  phase  I  antigen  and  by  changes  in  infectivity  in  cell 
culture  systems,  mice  and  guinea  pigs,  and  by  changes  in  pathogenicity  In 
guinea  pigs. 

The  general  purpose  of  this  project  is  to  study  the  mechanism  of  phase  change 
and  to  examine  the  influence  of  phase  on  the  behavior  of  C.   burnetii  in  a 
variety  of  biological  and  physical  systems. 
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Project  Description: 

Our  aim  is  to  study  the  mechanism  of  phase  change,  which  may  be 
mutational  in  character  and  may  be,  in  particular  circumstances, 
irreversible.  Additional  studies  of  the  biologic  and  physical  effects  of 
phase  and  on  methods  of  identifying  rickettslae  in  phase  I  or  phase  II  are 
in  progress. 

The  change,  phase  I->-phase  II,  occurs  spontaneously  during  culture  of 
iC.  burnetii  in  chick  embryos.   The  rate  of  change  may  vary  from  one  isolate 
to  another.   However,  complete  conversion  to  phase  II  results  in  great 
change  in  biological  properties.   The  infectious  dose  in  cultures  of  mouse 
L  cells  increases  from  430  to  8,000  organisms,  in  mice  from  1  to  2,000,  and 
the  infective  dose  necessary  to  produce  fever  in  guinea  pigs  from  2  to 
2,500,000. 

Accompanying  the  change  phase  I-»-phase  II,  the  surface  of  the 
rickettsia  acquires  a  pronounced  net  electric  charge,  as  evidenced  by  its 
pronounced  tendency  to  adhere  to  other  particles  and  surfaces. 

When  cloned  phase  II  organisms  are  injected  into  guinea  pigs,  they 
have  proved  to  be  incapable  of  converting  to  the  phase  I  form  or  of  being 
serially  passed  in  successive  guinea  pigs.  Many  examples  are  known, 
however,  of  the  apparent  conversion  of  phase  II  mass  cultures  to  the 
phase  I  condition  by  one  or  two  passages  in  guinea  pigs.   It  is  possible 
that  this  apparent  reversion  to  phase  I  was  a  simple  selection  of  phase  I 
organisms  from  a  population  which  was  almost  but  not  entirely  in  phase  II. 

We  plan  to  try  to  use  electrofocussing  techniques  to  separate 
mixtures  of  phase  I  and  phase  II  rickettsiae  when  one  or  the  other  is 
present  in  very  low  concentration.  This  may  permit  us  to  study  quantita- 
tively the  time  course  of  conversion  from  one  phase  to  the  other. 
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The  long  range  objectives  of  this  project  are  to  develop  practicable  procedures 
for  the  classification  of  spotted  fever-  and  typhus-group  rickettsiae  and  to 
determine  the  nature  and  biological  properties  of  rickettsial  antigens  and 
constituents.   Current  specific  interests  center  on  1)  the  serotyplng  of 
rickettsiae  by  mlcroimmunofluorescence,  2)  DNA  composition  of  members  of  the 
spotted  fever  group,  and  3)  isolation  and  characterization  of  rickettsial 
antigens .  i 
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ProJecL   Descrlpt-ion: 

A  variety  oi   serological  and  physicochemical  approaches  is  being 
utilized  to  classify  rlckettsiae  within  the  spotted  fever  and  typhus  groups 
and  to  isolate  and  characterize  the  antigens  of  these  rlckettsiae.   Included 
among  these  procedures  are  microinmunof luorescence  (mlcro-IF) ,  thermal 
denaturation  of  DNA  for  determination  of  DNA  composition,  and  Immuno- 
electrophoresis . 

Last  year,  a  micro-IF  test  for  assaying  type-specific  antibody 
responses  to  rickettsial  infection  in  laboratory  mice  was  described.   It 
was  shown  tViat  this  procedure  could  be  used  to  differentiate  rlckettsiae 
that  had  been  classified  by  other  methods  into  12  spotted  fever-group  and 
3  typhus-group  species.   Furthermore,  the  antigenic  patterns  of  reaction  in 
the  micro-IF  test  corresponded  to  those  obtained  with  the  mouse  toxin 
neutralization  test.  Three  additional  groups  of  strains  had  distinctive 
patterns  of  reaction  in  the  micro-IF  test  which  did  not  permit  classifica- 
tion as  to  species.  These  unclassified  rickettsial  serotypes  were 
associated  with  Dermacentor  parumapertus  ticks  in  Utah  and  Nevada, 
D.  occidentalls  in  California,  and  Ixodes  pacif icus  ticks  in  Oregon. 

Over  100  rickettsial  isolates,  predominantly  from  the  spotted  fever 
group,  have  now  been  typed  by  micro-IF.  No  new  serotypes  were  recognized 
since  the  last  report,  but  the  known  geographic  distribution  and  arthipopod 
host  association  of  several  serotypes  have  been  extended.   Some  specific 
observations  Lnclude: 

1)  Only  one  (Rickettsia  akarl)  of  the  12  spotted  fever-group 
serotypes  has  thus  far  been  identified  in  both  hemispheres,  presumably 
because  of  its  ecologic  association  with  dermanyssid  mites  and  their 
ubiquitous  murine  host  (Mus  musculus) .  Thus,  strain  29  of  American 
rickettsialpox  was  not  serologically  different  from  the  M3  strain  of  Russian 
rickettsialpox . 

2)  However,  several  spotted  fever-group  serotypes  are  widely 
distributed  within  each  hemisphere.   Thus  far,  all  tested  isolates  from 
FMSF  patients  in  eastern  USA  are  similar  to  those  in  western  USA  and 
indistinguishable  from  the  Sheila  Smith  strain  used  in  the  preparation  of 
spotted  fever  vaccine.   Strains  of  rlckettsiae  originating  in  Brazil  and 
Colombia,  South  America,  are  identical  to  a  recent  isolate  from  a  spotted 
fever-like  illness  in  Costa  Rica,  as  well  as  to  the  North  American  strains 
ol  K.  rick(--LLsLi.   Two  MtruLns  of  rlckettsiae  (B  &  D)  recently  isolated 
from  central  Slovakia  by  Czech  workers  and  proposed  as  a  new  species 

(R.  alovnka')  were  similar  to  the  Siberian  strain  (#246)  of  R.  sibirica  by 
mlcro-ll'".   Tills  finding  suggests  that  R.  sibirica  may  be  present  in  Europe 
as  well  as  In  Asia.   Strains  classified  by  others  as  R.  conorii  and 
originating  in  India  and  4  widely  separated  areas  in  Africa  were  similar  to 
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each  other  by  micro-IF.   Strains  serologically  resembling  R.  montana  have 
now  been  identified  in  the  USA  from  11  eastern  and  central  states  in 
addition  to  Montana.  Rickettsiae  with  serologic  patterns  similar  to 
R.  rhipicephali  were  demonstrated  in  D.  andersoni  in  western  Montana  and 
D.  occidentalis  in  Oregon,  as  well  as  in  Rhipicephalus  sanguineus  in 
southeastern  USA. 

3)  Widely  distributed  serotypes  seem  to  be  less  arthropod  host- 
specific  than  spotted  fever-group  serotypes  which  are  geographically  more 
circumscribed.   For  example,  the  R.  parkeri  serotype  has  thus  far  been 
recovered  only  from  Amblyomma  maculatum  in  southeastern  USA  and  the 
parumapertus  agent  apparently  is  restricted  to  £.  parumapertus  in 
southwestern  states.  On  the  other  hand,  widely  distributed  rickettsiae, 
such  as  R.  rickettsii  and  R.  conorii,  have  been  associated  with  more  than 
one  species  of  tick. 

4)  A  study  is  currently  in  progress  (see  Project  ZOl  AI  00061-15  for 
additional  details)  to  determine  the  variety  of  serotypes  enzootic  in 

D.  andersoni  collected  in  feeder-canyons  of  the  Bitterroot  Valley  and  their 
significance  in  the  etiology  of  human  illness.  Forty-seven  isolates  have 
been  recovered  thus  far.  The  8  strains  that  have  been  serotyped  were 
classified  as  R.  rickettsii  (1  strain),  R.  rhipicephali  (2  strains)  and  5 
strains  unclassified  as  to  species  which  had  reaction  patterns  resembling 
that  of  a  spotted  fever-group  strain  (369-C)  obtained  by  Dr.  E.  J.  Bell 
from  D.  variabilis  in  Arkansas  in  1966  which  was  shown  to  be  different  from 
R.  rickettsii  in  the  mouse  toxin  neutralization  test.  Thus,  this 
preliminary  work  indicates  that  at  least  2  hitherto  unrecognized  spotted 
fever-group  serotypes  are  present  in  Bitterroot  Valley  ticks. 

Three  other  approaches  are  being  explored  as  aids  to  the  classifica- 
tion of  rickettsiae  in  the  Rocky  Mountain  spotted  fever  group.   Included  in 
this  comparison  presently  are  the  R  strain  of  R.  rickettsii  (western 
Montana  strain) ,  5  isolates  from  several  species  of  ticks  or  hosts  from 
different  geographical  regions  of  the  United  States,  and  one  strain  of 
R.  conorii.  For  one  approach,  the  guanine  plus  cytoslne  composition  of  DNA 
obtained  from  purified  rickettsiae  was  determined.  Values  ranged  from 
32.2  ±  0.5%  to  33.1  ±   0.3%.  None  was  significantly  different  from  that  for 
R.  rickettsii,  32.6  ±  0.7%. 

Another  approach  consists  of  the  electrophoresis  of  extracts  of 
purified  rickettsiae  through  agarose  gels  containing  antibody  to  the 
various  rickettsiae.  With  this  procedure,  R.  rickettsii  strain  R,  M-5/6, 
an  Isolate  obtained  from  a  vole  in  eastern  Montana,  and  TVA,  a  strain 
obtained  from  D^.  variabilis  in  Tennessee,  were  found  to  possess  at  least  4 
antigens  in  common.  These  antigens  were  present  In  the  R  and  TVA  strains 
in  approximately  the  same  ratios,  but  several  of  these  antigens  were  present 
in  decidedly  d^Lfferent  proportions  in  the  eastern  Montana  strain. 
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For  the  last  approach,  solubilized  proteins  from  purified  rlckettsiae 
are  being  coinpared  after  electrophoresis  In  SDS-polyacrylamide  gels. 
Preliminary  tests  of  R.  rlckettsii  strain  R,  M-5/6,  275F  (isolated  from 
D.  andersonl  collected  in  eastern  Montana),  and  R.  rhipicephali  (obtained 
Trom  the  tick,  Rhlplcephalus  sanguineus,  in  Mississippi)  showed  well- 
differentiated  protein  bands.  All  of  the  isolates  appeared  to  have  similar 
protein  compositions  but  distinct  differences  were  observed  in  1  to  3  or 
more  bands  that  varied  from  isolate  to  isolate. 

Some  progress  has  been  made  in  the  isolation  and  purification  of 
protective  antigen  from  R.  rlckettsii.  We  have  prepared  one  extract  which 
is  about  30  times  more  potent  on  a  weight  basis  than  purified  whole 
rlckettsiae  in  protecting  mice  against  the  lethal  effects  of  R.  rlckettsii 
toxin.   In  the  past,  results  of  this  test  have  paralleled  results  of  vaccine 
potency  tests  in  guinea  pigs.  Our  extract  still  contains  at  least  2 
antigens;  It  is  unknown  whether  one  or  more  antigens  in  the  extract  induced 
the  protection  observed. 

Since  it  is  difficult  to  get  sufficient  quantities  of  rlckettsiae 
for  our  studies,  tissue  culture  cells  were  treated  with  either  5-iodo-2- 
deoxyuridine  or  Cytochalasin  B  in  efforts  to  increase  the  yield  of 
rlckettsiae.   Others  found  that  these  substances  promoted  the  recovery  of 
chlamydlae  from  tissue  cultures  inoculated  with  clinical  specimens.   In  our 
hands,  both  chemicals,  but  particularly  Cytochalasin  B,  effectively  Induced 
giant  cell  formation  of  many  of  the  cultured  cells.  However,  at  best,  the 
additives  accelerated  rickettsial  multiplication,  but  in  no  instance  was 
the  final  yield  of  rlckettsiae  from  treated  cells  significantly  better  than 
that  from  untreated  control  cells. 

Results  of  antigenic  analyses  to  date  have  perhaps  provided  more 
questions  than  answers.   It  is  clear,  however,  that  the  spotted  fever  group 
is  antigenlcally  more  heterogeneous  than  heretofore  realized.  While  all 
rlckettsiae  belonging  to  the  spotted  fever  group  share  one  or  more  antigens, 
some  members  are  serologically  only  remotely  related  to  each  other  whereas 
others  are  closely  related.   An  Increasingly  important  question,  as 
additional  information  is  obtained  on  differences  in  strains,  has  to  do 
with  the  genetic  stability  and  taxonomic  significance  of  the  serologic 
variations.   It  is  likely  that  antigenic  differences  demonstrated  for  some 
rlckettsiae  that  have  been  accepted  as  distinct  species  are  true  genetic 
variations.   On  the  other  hand,  one  wonders  whether  serologic  differences 
in  Isolates  from  the  same  species  of  tick  in  a  localized  area  are  merely 
phenotyplc  variations  of  the  same  organism  similar  to  that  of  phase 
variation  with  Coxlella  burnetii.   Our  studies  should  contribute 
Hignlf J caiiLly  to  a  more  exacting  definition  of  the  spotted  fever  group. 
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I 
For  the  future,  we  will  continue  to  serotype  new  rickettsial  isolated 

by  micro-IF.  We  hope  to  recover  more  than  100  strains  of  spotted  fever-   j 

group  rlckettsiae  from  the  ticks  obtained  from  the  Bitterroot  Valley  this 

year.   This  material  should  give  us  a  better  idea  of  the  diversity  of 

serotypes.   Representative  strains  will  then  be  measured  by  other  parameters 

in  order  to  determine  the  significance  of  serologic  relationships.  Other 

studies  to  be  continued  are  polyacrylamide  electrophoresis  of  rickettsial 

proteins,  isolation  and  characterization  of  rickettsial  antigens  of 

biological  Importance,  and  Immunoelectrophoresis  of  rickettsial  extracts  as 

an  aid  to  classification,  for  identification  of  unique  and  common  antigens, 

and  to  monitor  fractionation  procedures. 


Publications: 

Anacker,  R.  L.,  Smith,  R.  F. ,  Mann,  R.  E.,  and  Hamilton,  M.  A.:   New 
assay  of  protective  activity  of  Rocky  Mountain  spotted  fever  vaccines. 
J.  Clin.  Microbiol.  4:   309-311,  1976. 


In  press: 

Anacker,  R.  L.  and  Ormsbee,  R.  A.:  Rickettsiae  -  general  descriptions. 
In  Virology  and  Rickettsiology,  Handbook  Series  in  Clinical  Laboratory 
Science.   Cleveland,  CRC  Press,  Inc. 

Philip,  R.  N.  and  Casper,  E.  A.:   Serotyping  spotted  fever-group 
rlckettsiae  with  mouse  antlsera  by  microlmmunofluorescence. 
A  preliminary  report.  Proc.  Slovak  Acad.  Sci. 
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The  phenomenon  of  stable  quantum  differences  in  permeability  of  the  guts 
of  voles  to  virulent  Francisella  tularensis  is  being  studied  further.   We 
have  found  that  the  permeability  does  not  depend  on  virulence  of  the  ingested 
organism  because  the  gut  is  also  permeable  to  the  much  attenuated  live  vaccine 
strain  (LVS)  organisms  as  well  when  they  are  given  in  sufficient  numbers  and 
concentration.   We  are  testing  voles  to  determine  whether  the  differences  in 
gut  permeability  extend  to  other  unrelated  substances  (e.g.,  botulinum  toxin). 
If  the  mechanism  of  resistance  of  some  members  of  the  population  can  be 
identified  and  it  can  be  manipulated  or  stimulated,  it  may  be  possible  to 
rediici-  HiiHccpt  ibIllLy  to  enteric  pathogens  and  to  reduce  gram-negative 
bactcrlurla  of  Importance,  especially  in  infants.   The  mechanism  by  which  a 
virulent  and  acutely  lethal  organism  (when  given  parenterally)  causes  chronic 
infection  when  given  by  the  enteral  route  is  also  under  study. 
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Project  Description: 

Voles  (microtine  rodents)  are  probably  the  most  commonly  Infected 
holarctlc  animals  and  the  enteral  route  of  Infection  is  almost  certainly 
most  important  in  epizootic  spread  among  them.  When  groups  of  voles  are 
exposed  to  measured  doses  of  virulent  bacteria  in  drinking  water,  great 
differences  (100-fold)  are  noted  among  them,  and  those  differences  are 
stable,  i.e.,  animals  resistant  to  a  certain  dose  are  resistant  to  the  same 
dose  in  repeated  exposures,  but  not  to  doses  10-fold  or  100-fold  greater. 
The  same  phenomenon  is  demonstrable  with  strains  of  Francisella  tularensis 
of  attenuated  virulence,  although  permeability  of  the  gut  is  demonstrable 
by  acquisition  of  immunity  rather  than  by  progressive  infection.  Enteral 
infection  by  organisms  so  virulent  that  one  cell  will  cause  acute  tularemia 
when  introduced  parenterally  is  often  chronic  with  development  of 
pyelonephritis  and  bacteriuria.  The  factors  that  govern  permeability  of 
the  gut  to  bacteria  and  which  cause  amelioration  of  infection  when  invasion 
is  through  the  gut  are  not  known.  Attempts  to  test  a  gut  "population 
pressure"  hypothesis  have  not  been  fruitful  because  mortality  by  use  of 
mixtures  of  virulent  and  avirulent  organisms  was  proportional  to  population 
of  avirulent  (live)  organisms  in  the  administered  dose.  There  is  some 
evidence  (literature)  that  associated  gut  flora  may  affect  survival  of 
pathogens.  The  flora  would  be  most  likely  to  fluctuate  with  different 
diets,  not  with  uniform  diet  as  in  the  laboratory  situation.   The  same  is 
true  of  nutritional  folate  deficiency.   Currently,  we  are  testing  the  feces 
of  voles  for  ant i -Francisella  activity  and  are  attempting  to  correlate  any 
differences  among  individuals  with  susceptibility  as  determined  by 
subsequent  exposure.  These  studies  are  being  extended  to  mice  to  determine 
whether  the  very  large  stable  differences  in  gut  permeability  obtain  In 
that  species.   It  is  unlikely  that  partial  Immunity  can  result  from 
absorption  of  antigenic  degradation  products  because  Immunity  to  parenteral 
challenge  with  virulent  bacteria  cannot  be  induced  by  parenteral  inoculation 
of  antigenic  components  of  F.  tularensis.  However,  we  are  attempting  to 
produce  limnunity  to  enteral-route  infection  by  parenteral  inoculation  of 
cell  wall  antigen. 


Publications: 
In  press: 

Bell,  J.  F.:   Tularemia.   In  Steele,  J.  H.  (Ed.):   CRC  Handbook  of 
Zoonoses . 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  project  is  primarily  concerned  with  studies  on  the  pathogenesis  and 
immunology  of  rabies ,  particularly  those  factors  that  control  the  recovery 
of  anlmalu  from  rabies  and  the  development  of  chronic  or  progressive  rabies 
infection.   The  limits  of  confidence  of  detecting  viral  antigen  antemortem 
in  the  rfkin  of  infected  animals  are  being  established.   The  effect  of 
variations  in  ambient  temperatures  on  both  the  resistance  of  the  host  and 
replication  of  the  virus  is  being  investigated. 
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The  studies  on  the  detection  of  rabies  antigen  in  skin  biopsies  of 
affected  doj);H  and  cats  are  being  continued  with  Dr.  Biendan.  We  have 
furnished  anlmalH  with  abortive  rabiea  and  with  chronic  progressive  rabies, 
in  addition  to  common  acute  forms.   There  is  some  IndlcaClon  that  different 
strains  of  rabies  virus  vary  in  the  intensity  of  reaction  demonstrable  in 
the  skin. 

We  have  found  very  marked  differences  in  effects  of  high  ambient 
temperature  (and  consequent  higher  body  temperature)  In  mice  infected  with 
rabies  virus  mutants.  Previous  work  with  a  low-passage  Street  virus 
suggested  that  effects  of  the  higher  temperature  were  on  the  animal's 
capacity  to  resist  infection.  However,  infections  produced  by  various  ts 
mutants  of  CVS  (fixed  virus)  show  marked  differences  in  susceptibility  to 
modification  by  high  ambient  temperature.  Currently,  we  are  investigating 
effects  of  high  ambient  temperature  upon  resistance  mechanisms  and  upon  the 
dynamics  of  virus  proliferation. 

We  have  used  periodic  samplings  of  serum  and,  especially,  spinal 
fluid  and  the  neutralization  test  to  monitor  progress  of  chronic  rabies 
infections  in  cats  and  dogs  with  and  without  clinical  evidence  of  disease. 
In  one  of  two  cats  with  progressive  atrophy  and  paralysis  of  the  Inoculated 
limb  over  a  period  of  2  1/2  years  and  with  serologic  evidence  of  continuous 
antigenic  stimulus,  we  have  Isolated  rabies  virus  at  necropsy.  These 
animals  are  being  studied  with  the  assistance  of  personnel  from  CDC.  As 
mentioned  above,  serology  and  slow  clinical  deterioration  indicate  that 
these  were  not  examples  of  very  long  incubation  periods,  notoriously 
charactertistic  of  rabies,  but  were  slow  viirus  infections  in  the  true  sense. 
Another  dog  has  apparently  suffered  recrudescent  or  chronic  rabies  and  it, 
too,  is  being  studied  in  collaboration  with  CDC.   We  have  the  impression 
from  histopathology  that  isolation  of  virus  and  +FAT  reaction  under  these 
conditions  is  largely  a  matter  of  chance.  I.e.,  that  the  virus  is  present 
in  very  limited  foci.  The  effects  of  immunosuppressants  upon  activation 
and  reactivation  of  infection  are  being  investigated  in  several  species. 
Cortlco-steroids  are  of  particular  importance  in  this  regard  because  of 
possible  inadvertent  activation  of  rabies  infection  initiated  by  street 
virus  or  by  live  virus  vaccine,  as  these  hormones  are  commonly  used  in 
human  and  veterinary  practice. 

Present  concepts  of  chronic  progressive  CNS  infections  (e.g.,  SSPE) 
emphasize  inadequacy  of  the  Immune  mechanisms  of  the  host  and  alteration 
of  virus  (ts  mutants,  defective  interfaring  particles)  in  causation. 
However,  we  believe,  on  the  basis  of  our  many  observations,  that  presenta- 
tion of  virus  to  the  host  la  at  least  as  important.  Pertinence  of  our 
findings  to  a  possible  carrier  state  of  rabies  is  also  being  studied. 
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Surveys  to  determine  presence  and  prevalence  of  antibodies  in       | 
populations  are  classical  procedures  in  epidemiology.   The  procedure  is     I, 
used  in  rabies  epidemiology  and  epizoology  and  in  many  surveys  rather  high  j 
incidence  of  antibody  is  found.  As  a  result  of  those  findings,  common     i 
occurrence  of  sublethal  infections  and  of  "exposure"  is  posited  even  In  man  ' 
and  in  animals  from  rabies-free  areas.  As  a  result  of  our  studies,  we 
believe  that  those  conclusions  are  unwarranted,  and  we  are  exploring 
possible  alternative  explanations.  Exposure  of  mice  to  aerosolized  virulent 
rabies  virus  In  doses  sufficient  to  kill  many  of  them  failed  to  elicit 
detectable  antibody  response  in  survivors.  The  "little  infection" 
(peripheral)  concept  of  causation  of  antibody  formation  is  being  tested  by 
single  and  repeated  peripheral  inoculation  of  minimal  sublethal  doses  of 
viable  virus.   Street  virus  administered  enterally  in  doses  sufficient  to 
kill  some  of  a  group  of  animals  (skunks)  does  not  cause  detectable  antibody 
reaction  in  survivors  of  the  same  species  nor  in  other  species  given  the 
same,  and  much  larger,  doses.  However,  attenuated  virus,  administered  as 
an  oral  vaccine,  does  induce  antibody  formation,  apparently  because  it  is 
somatotropic. 


Publications; 

In  press: 

Bell,  J.  F.,  Clark,  H  F.,  and  Moore,  G.  J.:   Differences  in  efficiency 
of  protective  effect  caused  by  high  ambient  temperature  in  mice 
Infected  with  diverse  substrains  of  rabies  virus.  J.  Gen.  Virol. 

Perl,  D.  P.,  Bell,  J.  F.,  Moore,  G.  J.,  and  Stewart,  S.  J.:   Chronic 
recrudescent  rabies  in  a  cat.   Proc.  Soc.  Exp.  Biol.  Med. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  activities  of   this  project  comprise  three  main  functions:      1)    systematic 
Btudy  of   certain  groups  of  parasitic  arthropods.      The  foremost   tool   in 
MyiJi  iMii.'ii  If   niiidlon,    the  .^canning  electron  microscope,   has  greatly  aided   in 
I'lm-ldfiL  liiK    I  .•iKomnnli-   concoptu   in   aoarlnatt   fu-tually  or  potoutially   involved 
111   LiaiibiulbMioii  ui    dlaeawe  agents.      2)   Kinai  editing  and   sCoraga  of  all  RML 
and  NAMRU-3    (Cairo)    tick  data  in  the  Smithsonian  data  retrieval  system; 
3)    colonization  of  medically  important  arthropod  vectors. 
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Project  Description: 


The  primary  objective  of  this  project  is  the  systematic  treatment, 
Including  taxonomy  and  classification,  biology,  ecology,  and  colonization 
of  parasitic  arthropods  of  known  or  potential  medical  Importance. 

A  major  review  of  the  ticks  comprising  the  subgenus  Argas  of  the 
neotropical  zoogeographic  region  has  been  completed.  This  review  (In  3 
manuscripts)  includes  one  new  species,  a  resurrection  of  2  lost  taxa,  SEM 
photos,  and  a  key  to  all  species  In  the  subgenus.  Including  the  2  known  and 
other  potential  man-biting  species. 

The  review  of  the  genus  Ixodes  of  the  United  States  with  over  500 
SEM  photos  is  scheduled  to  appear  In  late  1977  as  a  special  supplement  to 
the  Journal  of  Medical  Entomology. 

We  continue  to  investigate  the  medically  Important  rhlplcephalld 
species  of  Africa,  in  cooperation  with  Miss  Jane  Walker  of  Onderstepoort. 
We  have  been  able  to  recognize  numerous  new  species  that  have  heretofore 
been  lumped  together,  but  confusion  still  exists  concerning  the  true  tick 
vectors  of  numerous  livestock  diseases.   The  genus  Rhlplcephalue  is  endemic 
in  Continental  Africa  and  represented  by  about  47  species,  many  of  which  are 
vectors  of  disease  agents. 

We  hnvo   completed  placing  all  RML  and  NAMRU-3  tick  records  Into  the 
SmitliHonian  computer  (this  year  9,419  records,  105,000  total).   The  complete 
file  liaa  now  been  returned  for  editing.   Dr.  Cautler,  Chief,  ADP  Program, 
National  Mustjura  of  Natural  History,  spent  3  days  at  RML  instructing  staff 
on  the  correct  method  for  making  compatible  computer  corrections.  We  have 
also  received  2  copies  of  the  complete  RML-NAMRU-3  data  file  on  microfiche. 
We  are  in  the  process  of  extending  the  current  contract  to  complete  all 
data  corrections. 

A  sizeable  collection  of  parasitic  mites  of  Oregon  collected  by 
C.  Maser  was  identified,  resulting  In  the  recognition  of  a  new  genus  and 
species  of  Macromyssidae.   This  Is  unusual  because  the  North  American 
species  of  these  mites  are  thought  to  be  well-known. 

An  investigation  in  Idaho  of  a  scabies-like  skin  eruption  of  wild- 
caught  black  bears,  Ur sinus  amerlcanus,  was  made  in  collaboration  with 
Dr.  C.  E.  Binnington  and  the  U.S.  Fish  and  Wildlife  Service.   The  causal 
agent  was  determined  to  be  a  rare  and  poorly  known  species  of  mite  of  the 
Family  Audycoptidae.   Studies  of  the  hlstopathology  of  lesions  and  the  mite 
life  cycle  are  In  progress. 

The  site  of  an  outbreak  of  human  babesiosis  on  Nantucket  Island, 
Massachusetts,  was  visited  at  the  request  of  Dr.  Spielraan  of  Harvard 
University.   The  presumed  vector,  I^.  scapularis,  was  collected  in  quantity 
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and  returned  to  RML  for  colonization  in  preparation  for  atudles  of  vector- 
borne  diseases.  Human  disease  caused  by  Babesia  microti  Is  currently 
limited  to  Nantucket  Island  and  nearby  regions  along  the  New  England  coast. 
In  this  region,  the  vector  appears  to  be  a  tick  that  fits  the  published 
descriptions  of  I^.  scapularls .  During  the  past  year,  we  have  demonstrated 
by  examining  specimens  with  the  SEM  that  this  population  of  ticks  is 
different  enough  to  warrant  recognition  as  a  new  species,  I^.  dammani . 
Ecological  differences  such  as  host  range  also  seem  to  lend  credence  to  the 
northern  populations  being  recognized  as  a  distinct  entity. 

The  RML  Insectary  continues  to  supply  large  quantities  of  ticks  and 
mites  for  both  RML  scientists  and  cooperating  outside  institutions  and 
researchers.  During  the  reporting  period,  we  provided  a  total  of  109,561 
ticks  representing  7  genera  and  14  species.  We  currently  have  under 
colonization  30  tick  and  2  mite  species. 

Future  studies  will  emphasize  the  use  of  SEM  to  clarify  the  taxonomlc 
status  of  various  species  of  ticks.  For  example,  we  will  examine  populations 
of  ticks  from  all  over  the  northeastern  U.S.  to  determine  th6  range  of  the 
newly  recognized  I^.  dammani  (the  presumed  vector  of  human  babesiosis) .  Ue 
will  continue  to  investigate  host-ectoparasite  relationships,  biology,  and 
disease  transmission  potential  of  medically-important  arthropods. 
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(Acarina:   Ixodidae).   J.  Med.  Entomol.  13:   501-506,  1977. 
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by  Hypoderma  bovis  (Linnaeus)  in  a  horse.  Cornell  Vet.  67:  272-281, 
1977. 
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Keirans,  J.  E.,  Clifford,  C.  M.,  and  Reddell,  J.  R. :   Description  of 
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from  bat  caves  in  Mexico.   Ann.  Entomol.  Soc.  Am. 
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Clifford,  C.  M.,  Hoogstraal,  H. ,  Keirans,  J.  E.,  Rice,  R.C.A.,  and 
Dale,  W.  E.:   Observations  on  the  subgenus  Argas  (Ixodoidea: 
Argasidae:   Argas) .   Identity  and  biological  observations  of  A. 
cucumerlnus  from  Peruvian  seaside  cliffs  and  a  summary  of  the  status 
of  the  subgenus  Argas  in  the  Neotropical  faunal  region.  J .  Med . 
Entomol. 

King,  K.  A.,  Keith,  J.  0.,  Mitchell,  C.  A.,  and  Keirans,  J.  E.:   Ticks 
(Ornithodoros  denmarki)  as  a  factor  in  nest  desertion  by  California 
brown  pelicans.   Condor 


Appendix  1.   PL-480  Project  03-036-N.   Interrelationships  Between  Ticks, 
Vertebrates  (Including  Humans),  and  Infectious  Agents, 
Especially  Viruses,  NAMRU-3,  Cairo,  Egypt 


Total  Man  Years:   15 


Professional: 


Other:   14 


Annual  Funding:   $58,851 

This  project  was  scheduled  to  terminate  on  July  31,  1977.  However, 
after  considerable  effort  by  all  concerned,  a  new  project  is  in  the  final 
stages  of  review  and  undoubtedly  will  be  initiated  late  in  1977.   This  new 
agreement  will  be  expanded  to  include  projects  of  greater  significance  to 
public  health  projects  and  extensive  work  will  be  done  at  Cairo  University 
and  the  Agouza  Arbovirus  Unit. 

During  1976-77  an  on-site  visit  was  made  by  Dr.  Clifford  and  Dr. 
Keirans.  Under  auspices  of  this  project,  a  monographic  review  of  Crimean 
Congo  hemorrhagic  fever  in  Asia,  Europe,  and  Africa  is  scheduled  for 
publication  next  year.   Volume  5,  Part  2,  of  the  "Bibliography  of  Ticks  and 
Tickborne  Diseases"  has  been  completed  (covering  publications  to  Dec.  1976) 
and  a  2-volume  annotated  bibliography  of  tickborne  viruses  is  nearing 
completion. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

It  is  the  purpose  of  this  project  to  study  the  biological  effects  of 
substances  from  Bordetella  pertussis,  with  special  emphasis  on  those 
substances  that  Induce  physiological  and  immunological  responses  in  animals. 
Areas  of  current  investigation  are:   1)  determining  whether  the  induction 
of  histamine  hypersensitivity  in  mice  by  endotoxin  provides  a  relatively 
inexpensive,  simple,  yet  sensitive  assay,  as  compared  to  pyrogenicity  In 
rabbits  and  lethality  to  chick  embryos;  2)  ability  of  pertussigen  and 
fiuloLox  111  to  l)lock  l^-adrcncrRJc  receptors,  as  determined  by  their  effects  on 
uptake  of  'll-thym  Id  Ine  In  mouse  parotid  salivary  glands;  3)  effectiveness  of 
u-adrunerglc  blocking  agents  Lo  protect  against  histamine  toxicity  in 
pertusslgen-treated  mice;  4)  protection  provided  by  transition  metal  salts 
against  histamine  toxicity  in  endotoxin-  and  pertussigen-treated  mice. 
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Project  Description: 

The  purpose  of  this  project  Is  to  Investigate  in  experimental  animals 
the  biological  effects  of  substances  from  Bordetella  pertussis  which  product 
physiological  and  immunological  responses  related  to  hypersensitivity  and 
autoimmune  phenomena. 

As  a  follow-up  on  our  discovery  last  year  that  endotoxins  from 
B^.  pertussis.  Salmonella  enter  it  id  is  and  Escherichia  coli  induced  a  striking 
histamine  sensitivity  in  mice  within  90  minutes  after  administering  the 
endotoxin,  we  evaluated  this  phenomenon  as  an  assay  method  for  endotoxin. 
Thirteen  substances  selected  to  cover  a  broad  range  of  endotoxic  activity 
were  tested  in  standard  assays  for  pyrogenicity  in  rabbits  and  lethality  to 
chick  embryos,  and  concurrently,  for  their  ability  to  produce  histamine 
sensitivity  in  mice.   The  data  showed  that  the  ability  of  the  histamine 
hypersensitivity  test  (HHT)  to  identify  and  quantitate  endotoxin  activity 
compared  well  with  the  other  two  assay  methods.   The  HHT  was  equal  in 
sensitivity  to  the  chick  embryo  lethality  test.   The  HHT  as  an  assay  method 
for  endotoxin  has  a  number  of  advantages  over  other  endotoxin  assays  that 
are  presently  in  use:  1)  simplicity  of  performance;  2)  relatively 
inexpensive;  3)  requires  no  elaborate  equipment;  4)  detects  submicrogram 
amounts  of  endotoxin;  5)  requires  only  about  3  hours  for  completion; 
6)  since  results  are  measured  by  death  or  survival  of  mice,  it  is  a  simple 
test  to  interpret.   Thus,  this  test  may  provide  a  relatively  inexpensive, 
fast,  and  reliable  assay  method  for  endotoxin  in  laboratories  that  do  not 
have  the  facilities  for  the  more  elaborate  assays. 

We  have  continued  in  our  efforts  to  determine  how  pertussigen  affects 
the  adrenergic  nervous  system  of  the  mouse  to  induce  histamine  hyper- 
sensitivity.  Based  on  the  effects  of  pertussigen  on  mouse  glucose  and  fatty 
acid  metabolism,  Fishel  and  coworkers  (J .  Immunol .  89:  8,  1962;  J.  Allergy 
34,  439,  1963;  Bacterial  Endotoxins,  Landy  and  Braun,  eds.,  Rutgers  Univ. 
Press,  New  Brunswick,  N.J.,  1964,  p.  474)  suggested  that  pertussigen  may 
produce  histamine  hypersensitivity  by  blocking  3-adrenergic  receptors. 
Previous  work  by  us  and  others  has  cast  some  serious  doubt  on  the  validity 
of  this  hypothesis.   It  has  been  previously  reported  that  inoculation  of 
mice  with  isoproterenol  (a  ^-adrenergic  agonist)  induced  a  striking  uptake 
of  ^H-thymidine  into  the  DNA  of  the  mouse  parotid  salivary  gland  about  26 
hours  after  administering  the  isoproterenol.   We  have  extensively  tested  a 
variety  of  substances  (pertussigen,  endotoxins,  adrenergic  blocking  agents 
and  antihistamines)  for  their  ability  to  affect  the  uptake  of  ^n-thymidine  , 
into  the  DNA  of  the  isoproterenol  stimulated  mouse  parotid  salivary  gland. 
The  6-adrenergic  blocking  agent,  propranolol,  produced  a  striking  inhibition 
of  uptake  of  -^H-thymldine.   Neither  a-blocking  agents  nor  antihistamines 
(anti-H]L  agents)  had  any  effect.   Various  doses  and  preparations  of 
pertussigen  were  without  effect  when  administered  40  to  60  hours  previous 
to  isoproterenol.  However,  submicrogram  doses  of  endotoxin  from  B.   pertussis, 
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S^.  enterltldls,  and  E^.  coll  and  20  ug  of  a  crude  preparation  of  pertusslgen 
given  90  minutes  before  Isoproterenol  all  produced  a  striking  decrease 
In  the  uptake  of  ^H-thymldlne  Into  parotid  DNA.   These  data  thus  Indicate 
that  endotoxins  and  probably  an  endotoxin  contaminant  in  crude  pertusslgen 
are  blocking  S-adrenerglc  receptors  when  given  only  90  minutes  before 
Isoproterenol  administration,  but  that  pertusslgen  is  not  producing  any 
B-blockade  at  a  time  and  in  doses  fully  effective  in  producing  histamine 
hypersensitivity. 

We  have  investigated  more  fully  the  ability  of  a-adrenergic  blocking 
agents  to  protect  pertusslgen-treated  mice  against  histamine  toxicity. 
Flshel  et  al.  (J.  Immunol.  89:  8,  1962)  previously  reported  that  dibenzyline 
was  very  effective  in  protecting  B^.  pertussis-treated  mice  against  the 
lethal  effects  of  histamine.  We  have  confirmed  their  results  with 
dibenzyline;  however,  other  a-blocklng  agents  which  we  have  tested,  e.g., 
phentolamine,  azapetine,  and  tolazoline,  were  all  ineffective.   We  have 
concluded  that  the  protection  afforded  by  dibenzyline  is  probably  due  to  an 
antihistamlnic  effect  rather  than  to  an  a-blocking  effect. 

In  view  of  the  report  that  transition  metal  salts  protected  encjotoxin- 
treated  mice  from  death  (Snyder  et  al..  Infect.  Immun.  13:  998,  1976,  and 
Infect .  Immun .  15:  337,  1977),  we  tested  the  ability  of  transition  metal 
salts  to  protect  against  the  lethal  effects  of  histamine  in  endotoxin- 
treated  and  In  pertusslgen-treated  mice.   CrCl3  and  especially  Zn  CI2  were 
effective  against  endotoxln-induced  histamine  hypersensitivity.   Zn  CI2 
(0.4  mg)  was  effective  when  given  from  1  hour  before  to  30  minutes  after 
endotoxin  administration.   On  the  other  hand,  we  have  not  found  Zn  CI2  to 
produce  any  protective  effect  against  histamine  hypersensitivity  in 
pertusslgen-treated  mice.  This  finding  is  another  indication  that  the 
physiological  dysfunctions  by  which  endotoxin  and  pertusslgen  produce 
histamine  hypersensitivity  are  different . 

In  future  work  we  will  investigate  the  endogenous  catecholamine 
response  in  normal,  endotoxin,  and  pertussieenrtreated  mice  with  a 
commercially  available  assay  kit  (CAT-A-KIT^M^  Upjohn).  The  possibility 
that  lysozymes  may  be  involved  in  the  development  of  histamine  hyper- 
sensitivity in  endotoxin  and  pertusslgen-treated  mice  will  be  Investigated. 
We  will  attempt  to  develop  a  tissue  culture  system  whereby  we  can  better 
determine  the  effects  of  endotoxin  and  pertusslgen  on  6-adrenergic 
receptors.  We  will  also  pursue  Investigations  into  the  mechanisms  by  which 
pertusslgen  enhances  and  accelerates  the  development  of  experimental 
allergic  encephalomyelitis  in  Lewis  rats. 
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Publications: 


Bergman,  R.  K.  and  Munoz,  J.  J.:  Increased  histamine  sensitivity  in 
mice  after  administration  of  endotoxins.  Infect.  Immun.  15:  72-77, 
1977. 


In  press: 

Bergman,  R.  K. ,  Mllner,  K.  C,  and  Munoz,  J.  J.:  A  new  test  for 
endotoxin  potency  based  upon  histamine  sensitization  in  mice. 
Appl.  Microbiol. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  project  has  as  its  main  objective  the  complete  identification  and 
characterization  of  pertussigen  -  a  protein  from  Bordetella  pertussis  with  many 
biological  activities.   In  the  past  few  years,  methods  of  obtaining  pertussigen 
in  a  highly  purified  form  have  been  developed,  but  invariably  the  yields  have 
been  very  small.   Presently,  we  have  developed  methods  which  have  yielded 
purified  pertussigen  in  greater  concentration.   The  use  of  dansyl  reagent  to 
introduce  a  fluorescent  tag  on  all  proteins  in  our  extracts  has  facilitated  the 
fractionation  procedure,  and  the  use  of  sucrose  density  gradient  ultracentrifu- 
gaLion  liu.s  bi'i-ii  liolpful  li>  thi-  purification  of  pertussigen.   Pertussigen  in  its 
puririad  roriii  Ih  iilKtily  ol  loci  Ivii  in  uonsitizing  mlco  Lo  histamine,  in  Inducing 
lympliocy tou  in,    la  inducing  a  atate  of  active  anaphylaxis  to  antigens  given  with  , 
it,  and  in  prutectiiig  mic»'  from  intracerebral  challenge  with  B^.  pertussis. 
Some  of  the  other  activities  of  pertussigen  under  study  are  its  ability  to  lower* 
the  concentration  of  plasma  albumin  and  globulins  and  its  effect  on  the        ' 
reactivity  of  spleen  cells  to  mitogenic  agents. 
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Project  Description: 


The  main  emphasis  of  this  project  during  the  past  year  has  been  to 
improve  the  fractionation  steps  to  obtain  a  better  yield  of  the  active 
substance  (pertussigen) .   In  last  year's  report,  we  described  the  preparation 
of  crude  extract  employing  cells  grown  in  liquid  medium.   These  cells  were 
treated  with  lysozyme,  RNase,  and  DNase,  then  precipitated  at  pH  4.5  and 
the  precipitated  material  extracted  with  1  M  NaCl-0.05  M  sodium  pyrophosphate 
at  pH  7.4.   The  extract  was  then  precipitated  at  pH  4.5,  the  precipitate 
redissolved  in  1  M  NaCl-0.05  M  sodium  pyrophosphate  and  reprecipitated  with 
ammonium  sulfate  at  50%  saturation.   The  precipitate  was  dissolved  in  1  M 
NaCl-0.05  M  sodium  pyrophosphate.   Now  we  treat  the  crude  extract  with 
dansyl  reagent  and  then  pass  it  through  a  P-200  BioGel  column.   Three  main 
protein  peaks  were  separated.   The  first  peak  was  inactive  and  consisted  of 
high  molecular  weight  substances.   The  second  peak  of  intermediate  molecular 
weight  contained  the  bulk  of  pertussigen,  while  the  third  peak  contained  low 
molecular  weight  inactive  components. 

The  second  peak  was  further  purified  by  sucrose  density  gradient 
ultracentrifugation.   In  this  step,  0.01%  Triton  X  100  was  added  to  the  1  M 
NaCl-0.05  M  Na-pyrophosphate  buffer.   The  Triton  allowed  us  to  recover  most 
of  the  activity.  The  active  fraction  appears  pure  by  immunoprecipitation, 
by  agarose  electrophoresis,  and  by  acrylamide  gel  electrophoresis.   We  are 
presently  producing  enough  material  to  characterize  pertussigen  more  fully. 
We  are  aware  of  two  papers  in  the  literature  that  claim  purification  of 
pertussigen  (lymphocyte  promoting  factor  [LPF]),  but  we  find  important 
discrepancies  with  our  preparations.   Our  active  material  moves  toward  the 
anode  in  electrophoresis  at  pH  8.6,  while  Morse  found  his  LPF  to  move 
toward  the  cathode.   Neither  we  nor  Morse  have  found  carbohydrate  in  our 
preparations  while  Sato  found  a  significant  amount  in  his  preparation.   We 
aim  to  resolve  these  discrepancies  in  the  near  future.   The  activity  of  our 
preparations  is  as  high  as  that  reported  by  others.   Our  purest  preparations 
sensitize  mice  to  histamine  in  a  dose  of  0.01  \ig;    induce  lymphocytosis  in  a 
dose  of  0.08  iJg;  Induce  a  state  of  active  anaphylaxis  to  other  antigens 
BlwMt  with  It  111  a  dose  of  0.02  pg;  it  la  slightly  toxic  to  mice  in  a  dose 
u[    10.4  ng.   Thf  iiu)uue  protective  activity  and  its  effect  on  induction  of 
hyperacute  experimental  allergic  encephalomyelitis  are  presently  under 
study. 

We  have  studied  the  effect  of  pertussigen  on  the  response  of  spleen 
cells  to  the  mitogenic  effect  of  lipopolysaccharides  (LPS),  concauavalin  A 
(con  A)  and  phytohemagglutinin  (PHA) .   Preliminary  results  showed  that 
spleen  cells  obtained  from  mice  treated  with  pertussigen  are  generally  less 
reactive  to  the  action  of  LPS,  although  reacting  normally  to  the  mitogen 
activity  of  con  A  and  PHA.   The  cells  from  pertussigen-treated  mice  also 
show  a  lower  "background"  mitotic  activity. 
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PertuHsigen  lowers  the  serum  albumin  concentration  In  mice  as  early 
a«  li\    hours  iilLer  iLn  udininiatratlon.   In  preliminary  investigations  we 
found  that  the  concentration  of  some  immunoglobulins  is  also  decreased.   In 
contrast  to  this  effect  of  pertussigen,  endotoxin  from  B.  pertussis  produces 
an  increase  in  albumin  and  globulin  concentrations,  especially  a  striking 
increase  in  the  concentration  of  one  of  the  B  globulins. 

The  role  of  agglutinogen  types  on  the  ability  of  JB.  pertussis  cells 
to  induce  lymphocytosis  and  histamine  sensitivity  in  mice  has  been  studied. 
No  clear-cut  differences  assignable  to  types  were  found  in  the  B^.  pertussis 
cells.   Cells  from  some  strains  of  types  1,  1-2-3-4-6,  1-3,  1-2-3-6, 
1-2-3-4-5-6  and  1-3-6  were  highly  effective  in  inducing  histamine  sensitiza- 
tion at  a  dose  of  4.0  X  10°  cells,  while  others  from  similar  types  were 
inferior.  One  strain  (type  1-2-3-4-5-6)  was  particularly  effective  in 
inducing  lymphocytosis,  but  another  of  a  similar  type  was  not  especially 
effective.   It  is  most  probable  that  the  amount  of  pertussigen  produced  by 
each  strain  is  the  most  important  factor. 

Our  future  work  will  be  directed  toward  acquiring  enough  pertussigen 
for  chemical  analysis.  We  will  also  study  the  effect  of  pertussigen  on 
different  cell  types  in  the  immune  response  and  its  effect  on  delayed 
hypersensitivity.   We  will  continue  our  studies  on  the  mechanism  by  which 
pertussigen  lowers  the  serum  level  of  albumin  and  immunoglobulins.  We  will 
also  continue  our  studies  on  techniques  to  enhance  the  production  of  IgE 
in  mice. 


Publications: 

Munoz,  J.  J.:  Effect  of  Trichinella  spiralis  infection  on  PCA 
reactions  in  the  mouse.   IRCS  4:  322,  1976. 

Munoz,  J.  J.  and  Cole,  R.  L. :  Effect  of  Trichinella  spiralis  infection 
on  passive  cutaneous  anaphylaxis  in  mice.   Infect.  Immun.  15:  84-90, 
1977. 

Munoz,  J.  J.  and  Bergman,  R.  K. :   Bordetella  pertussis:   Immunological 
and  Other  Biological  Activities.   In  Rose,  N.  (Ed.):   Immunology 
Series.   New  York,  Marcel  Dekker,  Inc.,  1977,  vol.  4,  235  pp. 


In  press: 

Munoz,  J.  J.,  Bergman,  R.  K.,  Cole,  R.  L.,  and  Ayers,  J.  C: 
Purification  and  activities  of  pertussigen,  a  substance  from  Bordetella 
pertussis.   Toxicon 
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Appendix  1.  PL-480  Project  05-042-N.   Cytophilic  Antibody  and  Transfer  of 
Skin  Reactions,  Dr.  W.  Ptak,  Institute  of  Microbiology, 
Cracow,  Poland. 

Annual  Funding  -  $40,126 

Fetal  and  newborn  mouse  spleen  cells  can  regulate  the  response  of 
parental  Ijonphocytes  in  the  graft-versus-host  reaction  (GVH) ,  while 
lymphocytes  from  suckling  animals  do  not  have  this  activity.  The  popliteal 
lymph  nodes  of  F^.   mice  receiving  the  parental  spleen  cell  suspensions  in 
the  footpad  were  removed  and  weighed  7  days  after  inoculation  of  the  spleen 
cells,  and  the  weights  were  compared  to  those  of  popliteal  lymph  nodes  of 
uninoculated  control  animals.   In  this  model  of  GVH  reactions,  the  addition 
of  syngeneic  or  allogeneic  splenic  lymphocytes  obtained  from  fetuses  at  18 
to  20  days  of  gestation,  or  those  from  newborn  mice,  reduced  significantly 
the  local  GVH  reaction,  while  spleen  cells  from  5-day-old  mice  were 
ineffective.   Thymocytes  from  fetuses,  newborn,  or  suckling  mice  were  not 
effective.  The  suppressive  action  of  spleen  cells  was  removed  by  anti- 
theta  serum  plus  complement. 

Fetal  or  newborn  spleen  cells,  but  not  thjmocytes,  are  also  able  to 
suppress  the  passive  transfer  of  contact  hypersensitivity  to  picryl  chloride 
and  newborn  mice  do  not  develop  contact  hypersensitivity  reactions  to  picryl 
chloride.  These  mice  also  show  a  degree  of  specific  suppression  to 
resensitization  with  the  same  antigen. 

Immunization  of  alloxan  diabetic  mice  with  either  T-dependent  or 
T-independent  antigens  shows  a  significant  decrease  in  the  number  of 
specific  antibody  forming  cells  as  compared  to  the  normoglycemic  control 
mice.   In  adoptive  transfer  experiments,  primed  cells  from  either  diabetic 
or  normal  donors  gave  a  better  response  when  transferred  to  normal  rather 
than  diabetic  recipients.   In  Mishell-Dutton  type  cultures,  the  anti-sheep 
red  blood  cell  response  of  spleen  cells  was  lower  when  the  blood  glucose 
level  of  the  cell  donors  exceeded  500  mg/100  ml.   These  results  Imply  that 
in  hypoinsulinemia  the  lack  of  saturation  of  insulin  receptors  on  the 
lymphocyte  membrane  renders  them  functionally  inactive. 


Publications : 

Skowron-Cendrzak,  A.  and  Ptak,  W. :   Suppression  of  local  graft  versus 
host  reactions  by  mouse  fetal  and  newbome  spleen  cells.   Eur.  J. 
Immunol.  6:  451,  1976. 
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The  major  objective  of  this  project  is  to  delineate  the  mechanisms  involved  in 
resistance  of  mice  to  acute  viral  infections.   More  specifically,  antibody, 
lymphocytes,  macrophages,  and  mediators  of  mice  inoculated  with  various 
immunopotentiators  are  being  investigated  to  ascertain  their  role  in  enhancing 
the  resistance  of  these  animals  to  either  encephalomyocarditis  virus  or  herpes 
simplex  virus  type  2  infections.  The  immunopotentiators  currently  being  used 
include  oil-in-saline  emulsions  prepared  from  nonviable  whole  cells  of 
Mycobacterium  tuberculosis  and  cell  walls  of  M.  bovis. 
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Project  Description: 


The  major  objective  of  this  project  is  to  delineate  the  mechanisms 
involved  in  resistance  of  mice  to  acute  viral  infections.   These  studies 
have  focused  primarily  on  an  in  vivo  model  for  determining  the  roles  of 
mediators,  antibody,  macrophages,  and  lymphocytes  in  the  enhanced  resistance 
to  either  enccphalomyocarditls  virus  (EMCV)  or  herpes  simplex  virus  type  2 
(HSV-2)  in  mice  treated  with  imraunopotentlators.  The  principle  immuno- 
potentiator  consisted  of  nonviable  Mycobacterium  tuberculosis  whole  cells 
prepared  as  an  oil-in-saline  vaccine  (WCV) . 

It  has  been  determined  that  female  C57B1/10  mice  inoculated  intra- 
venously (IV)  with  WCV  were  highly  resistant  to  a  lethal  IV  injection  of 
EMCV.  The  resistance  (>87%  survival)  was  detected  as  early  as  one  week  and 
for  at  least  12  weeks  after  injection  of  the  vaccine.  Furthermore,  animals 
from  a  group  of  mice  that  were  no  longer  resistant  to  EMCV  (34  weeks 
postvaccine) ,  were  highly  resistant  to  virus  challenge  upon  revaccination 
with  WCV;  this  resistance  lasted  as  long  as  that  established  by  the  first 
vaccine  injection.  Mice  vaccinated  IV  also  were  resistant  to  intra- 
peritoneal (IP),  subcutaneous  (SC)  or  Intramuscular  (IM)  virus  challenge, 
but  were  not  resistant  to  intracranial  challenge.  After  IP  vaccination, 
mice  also  were  resistant  to  virus  injection  by  either  the  IV,  IP,  IM  or  SC 
routes.   In  contrast,  WCV  administered  IM  or  SC  did  not  protect  mice  from 
virus  injected  by  any  route. 

Less  than  50%  of  the  vaccinated  mice  that  survived  virus  challenge 
possessed  plasma  anti-EMCV  neutralizing  antibody  and  none  had  detectable 
plasma  interferon.   Furthermore,  interferon  never  was  detected,  at  several 
different  test  intervals,  in  plasma  of  vaccinated  or  normal  mice  after 
injection  of  virus,  WCV,  or  both  materials. 

WCV  prepared  with  oil  was  more  effective  in  protecting  mice  than 
vaccine  prepared  without  oil,  especially  if  EMCV  was  injected  8  weeks  after 
vaccination.  Vaccines  prepared  with  or  without  oil  were  equally  effective 
in  protecting  mice  if  virus  was  Injected  3  weeks  after  vaccination. 

Studies  on  the  pathogenesis  of  EMCV  infection  indicated  that  few  WCV 
mice  became  viremic  and  that  EMCV  did  not  reach  their  target  organs,  whereas 
high  titers  of  virus  were  present  in  blood  and  target  organs  of  unvaccinated 
animals.  It  also  was  determined  that  oil-droplet  vaccines  prepared  with 
cell  walls  of  Mycobacterium  bovis  were  more  effective  in  enhancing 
resistance  to  EMCV  than  vaccines  prepared  with  whole  cells. 

Additional  experiments  showed  that  maximum  protection  against  HSV-2 
ocr.urr«d  only  If  WCV  and  virus  were  Injected  into  the  same  site  (ccanpart- 
mentalized)  ,  a   factor  that  was  not  essential  for  similar  protection  againjit. 
EMCV. 
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The  future  course  of  this  project  will  include  studies  to  determine 
the  mechanisms  of  action  of  the  WCV  and  cell  wall  vaccine  immunopotentiators 
in  their  enhancement  of  host  resistance  against  EMCV,  HSV-2,  and  other 
viral  infections.   Studies  are  in  progress  to  determine  the  cells         ' 
responsible  for  this  protection,  and  to  determine  why  WCV  does  not  have  to 
be  compartmentalized  to  be  effective  against  EMCV,  but  must  be  compart- 
mentalized for  maximum  effectiveness  against  HSV-2.   Additional  studies 
will  stress  the  use  of  more  highly  purified  and  potent  vaccine  preparations, 
and  most  Importantly,  immunopotentiators  that  may  be  effective  thera- 
peutically, rather  than  prophylactically,  against  acute  viral  infections. 


Publications: 

Lodmell,  D.  L.,  Ewalt,  L.  C,  and  Notkins,  A.  L.:   Inhibition  of 
vaccinia  virus  replication  in  skin  of  tuberculin-sensitized  animals 
challenged  with  PPD.  J.  Immunol.  117:   1757-1761,  1976. 
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SUMMARY  OF  WORK  (200  word:,  or  less  -  underline  kc 

The  main  thrust  of  this  project  is  to  characterize  the  immunological 
mechanisms  in  the  Syrian  hamster  and  mink,  particularly  the  role  played 
by  various  Ig  classes.   Experiments  are  devised  to  determine  why  only  one 
Ig  class  may  be  preferentially  stimulated  depending  upon  antigenic 
presentation,  what  are  the  relative  protective  roles  (phagocytosis 
promoting,  tumor  suppression  or  enhancement,  etc.)  of  each  Ig  class  and 
how  can  the  immune  response  be  channeled  for  synthesis  in  one  or  another 
Ig  class. 
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Project  Description:  ' 

This  unit  has  been  elucidating  Immunological  mechanisms  in  mammals 
(Syrian  hamster  and  mink)  and  in  a  lower  vertebrate  (garter  snake  - 
Thamnophls  ordinoides) . 

Mink  infected  with  Aleutian  disease  (AD)  virus  during  the  perinatal 
period  develop  a  disease  which  differs  from  that  found  in  mink  Infected  as 
adults.   Because  typical  AD  is  mediated  by  immune  complexes,  this  finding 
Huggests  that  the  antibody  response  to  ADV  may  be  different  In  kits  vs 
adult  mink.   The  ontogeny  of  serum  Ig  was  studied  in  order  to  evaluate  the 
ability  of  mink  kits  to  make  antibody  in  various  Ig  classes.  Although  small 
amounts  of  IgG  were  found  in  serum  of  fetal  (within  2  weeks  of  term)  and 
neonatal  mink,  the  serum  IgG  levels  rapidly  Increased  during  suckling  so 
that  adult  levels  (7-10  mg/ml)  were  reached  within  8  days  of  birth. 
However,  IgG  levels  then  decreased,  even  before  weaning,  to  1-2  mg/ml  during 
the  fifth  week  of  life.  This  decline  suggests  a  lack  of  absorption  from 
the  gut  because  generous  amounts  (2.9  mg/ml)  of  IgG  were  found  in  mink  milk 
throughout  the  nursing  period.   IgG  and  IgM  synthesis  were  found  consistently 
in  lymph  nodes  and  spleens  obtained  from  mink  one  or  more  days  of  age  and 
the  gradual  increase  of  serum  IgM  after  day  one  of  birth  presumably  was  due 
to  autologous  IgM  production  because  IgM  was  not  found  in  mink  milk. 
Although  small  amounts  (mean  0.17  mg/ml)  of  IgA  were  found  in  mink  milk, 
it  was  not  detected  in  kit  Serum  until  39  days  of  age  and  its  production  in 
Ci4  tissue  culture  tests  was  not  found  until  75  days  of  age.   Therefore, 
IgA  had  the  moHt  prolonged  period  of  development,  and  because  we  have  found 
a  distinct  involvement  of  IgA  in  the  pathogenesis  of  AD  in  adult  mink,  its 
absence  could  influence  the  course  of  the  disease  in  young  raink.   First  of 
all,  although  increase  of  serum  IgG  is  a  well-known  hallmark  of  AD,  we  found 
that  IgA  serum  levels  frequently  show  the  greatest  relative  increase.  Also, 
glomerular  immune  complex  deposits  of  IgA  were  prominent  in  kidneys  of  AD 
in  mature  mink.   Furthermore,  impressive  amounts  of  IgA  were  synthesized  in 
AD  kidneys  as  detected  by  FA  studies  of  the  plasma  cell  infiltrate  In  AD 
kidney  sections,  and  also  by  Ci^  tissue  culture  analysis  of  AD  kidneys. 
Further  studies  will  examine  the  relative  capacity  of  kits  to. produce 
IgA-anti-ADV  and  its  role  in  the  pathogenesis  of  the  AD  lesion. 

In  order  to  evaluate  the  role  of  Ig  classes  in  protection  from  a  CNS 
pathogen,  we  inoculated  hamsters  with  various  kinds  or  rabies  virus,  of 
which  some  caused  lethal  infection,  some  caused  immunity  (live  virus 
vaccines),  and  others  produced  abortive  infections.  Sera  was  examined  for 
Ig  class  of  anti-rabies  by  FA  technique,  using  fluorescein-labeled  rabbit 
antisera  specific  for  hamster  Ig  classes  (IgG^,  IgG2,  IgA,  IgM).   Of 
particular  interest  was  the  finding  that  antibody  to  rabies  virus  was  most 
frequently  found  in  the  IgG2  class;  IgGi  anti-rabies  was  detected  only  in 
relatively  high  titered  sera,  as  found  after  secondary  inoculation  of  rabies 
vaccine.   This  finding  Is  In  marked  contrast  to  the  antibody  response  to 
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soluble  purified  protein  antigens  in  saline,  which  usually  involves  only 
the  hamster's  IgGj^  class.   Furthermore,  only  IgG2  antibody  to  rabies  was 
detected  in  brain  suspensions  of  intracerebrally  inoculated  hamsters, 
suggesting  that  antibody  made  in  CNS  is  the  result  of  a  similar  induction 
process. 

In  continuing  studies  on  the  selective  induction  of  IgG^  antibody  by 
soluble  antigen  and  concomitant  IgM  and  IgG2  hyporesponsiveness  in  the 
hamster,  we  have  concentrated  on  the  possible  role  of  suppressor  cells. 
When  mixtures  of  spleen  and  thymus  cells  from  hamsters  treated  with  soluble 
HEA  were  adoptively  transferred  to  normal  unirradiated  recipients,  the 
anti-HEA  PFC  response  in  the  recipients  to  challenge  with  HEA  in  complete 
Freund's  adjuvant  was  suppressed  in  all  Ig  classes.   Adoptive  transfer  of 
spleen  and  thymus  cells  from  normal  untreated  hamsters  had  no  effect  on  the 
anti-HEA  response.   Preliminary  studies  suggest  that  this  suppression  is 
directed  at  helper  cell  function  because  spleen  and  thymus  cells  from 
animals  treated  with  soluble  HEA  adoptively  suppressed  the  anti-DNP  response 
of  normal  recipients  Immunized  with  DNP-HEA.   Currently,  we  are  developing 
an  in  vitro  system  to  more  conveniently  study  this  phenomenon.  This  system 
should  prove  advantageous  in  defining  the  differential  susceptibility  of 
precursors  of  IgG-j^,  IgG2,  and  IgM  antibody-forming  cells  to  cell-mediated 
immunosuppression. 

Our  interest  in  the  biologic  functions  of  membrane-associated 
immunoglobulin  has  focused  recently  on  the  mast  cell.  The  Syrian  hamster 
appears  to  be  extraordinarily  resistant  to  induction  of  various  allergic 
reactions  such  as  passive  cutaneous  and  systemic  anaphylaxis.   Because  the 
mast  cell  is  the  source  of  vasoactive  amines  mediating  these  in  vivo 
allergic  reactions  in  other  species,  it  was  of  interest  to  examine  the 
capacity  of  the  hamster  mast  cell  to  release  histamine  on  exposure  to 
various  Immunologic  stimuli.   Hamster  mast  cells  functionally  express  IgG2 
oil  tli«?Lr  membrane  /ind  hlHtamtne  la  released  ('^-62%)  on  exposure  to  specific 
aiii  1  l^c^-   liuwfviM  ,  exposure  of  mast  cells  to  antl-F(ab')2  over  a  wide 
range  ol  concentraL iona  resulted  in  little  histamine  release  ('^15%). 
A  combination  of  specific  antl-IgG2  and  antl-F(ab')2  at  a  critical 
concentration  ratio  had  a  synergistic  effect  on  histamine  release,  resulting 
in  virtually  100%  release.  These  studies  suggest  that,  although  a  majority 
of  the  mast  cells  expressed  both  IgG2  Fc  and  F(ab')2  determinants,  they  were 
relatively  refractory  to  the  Interaction  of  reagents  with  the  F(ab')2 
portion  of  the  molecule.  Because  the  Fab  region  also  contains  the  antigen- 
combining  sites,  the  evidence  suggests  a  defect  in  the  transduction  of 
cellular  signals  from  the  Fab  to  the  Fc  region  of  mast-cell -bound  Ig.  This 
model  may  provide  further  insight  into  the  mechanisms  of  signal  delivery  to 
the  cell  membrane. 

In  addition,  John  Portis  is  providing  consultative  services  to  others 
in  the  laboratory.   In  collaboration  with  Drs.  R.  K.  Bergman  and  J.  J.  Munoz 
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(see  last  year's  Annual  Report,  Project  No.  ZOl  AI  00070-11) ,  we  have 
examined  the  histopathology  of  hyperacute  experimental  allergic  encephalo- 
myelitis (EAE)  in  the  rat  induced  by  injecting  guinea  pig  spinal  cord  and 
brain  preparations  combined  with  Bordetella  pertussis  extracts.   In  the 
absence  of  B^.  pertussis,  a  pathologic  picture  of  classical  EAE  is  seen  in 
which  meningeal  and  perivascular  infiltrates  of  lymphocytes  are  observed 
in  the  spinal  cord.   In  the  presence  of  B^.  pertussis,  extensive  diffuse 
infiltrates  of  lymphocytes,  histiocytes,  and  neutrophils  are  seen  in  the 
gray  and  white  matter  of  the  spinal  cord  and  occasionally  brain.   In 
addition,  there  is  prominent  acute  vasculitis,  focal  hemorrhage,  and  focal 
destruction  of  neurons.   This  pathologic  picture  of  hyperacute  (accelerated) 
EAE  suggests  distinct  differences  in  pathogenesis  between  classical  and 
hyperacute  EAE. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  ^ 

The  major  objective  of  this  project  is  the  elucidation  of  genetically  controlleld 


host  defenHG  mechanisms  involved  in  recovery  from  virus-induced  leukemia  in 
mice.   Tliroii  new  >;eneH  which  Inl  luence  recovery  from  established  Friend  virus 
leukemia  have  been  identified.   Two  genes  are  located  within  the  major 
histocampatiblllty  complex  (H-2) ,  and  one  is  a  non-H-2  gene  whose  location  is 
unknown  at  present.   Attempts  are  now  being  made  to  understand  the  mechanisms 
of  action  of  these  genes  in  terms  of  their  influence  on  various  defense 
mechanisms  necessary  for  elimination  of  the  neoplastic  cells  and  control  of 
leukemia  virus  infection.   Transplantable  cell  lines  derived  from  virus-induced 
leukemic  organs  have  been  established  as  models  of  homogeneous  leukemia  cell 
populations.   Cellular  origin  of  these  leukemia  cells  has  been  examined  by 
characterization  of  cell  surface  antigenic  markers  and  receptors.   Production 
of  intact  virus  as  well  as  viral  antigens  has  been  studied  in  these  cell  lines 
to  gain  an  understanding  of  the  virus-induced  cellular  membrane  antigens 
involved  in  specific  immune  recognition  and  elimination  of  leukemia  cells. 
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Project  Description: 
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1.   Genes  and  immune  mechanisms  involved  in  recovery  from  Friend 
virus  (FV)  leukemia.  We  have  previously  identified  one  H-2  associated  gene 
(Rfv-1)  which  strongly  influences  the  ability  of  certain  mouse  strains  to 
recover  from  established  FV-lnduced  leukemia.   Using  mice  with  genetic 
recombinations  on  both  sides  of  this  gene,  we  have  now  confirmed  its 
location  in  the  D  region  of  the  H-2  complex.  We  have  also  determined  that 
there  is  a  gene-dose  effect  of  this  gene  on  recovery  rather  than  a  simple 
dominant  or  recessive  pattern.   The  order  in  terms  of  increasing  incidence 
of  recovery  is  H-2b/t»>H_2a/b>H_2a/a. 

Using  mice  with  identical  H-2D(Rfv-l)  genotypes  which  differed  at 
other  regions  in  and  near  the  H-2  complex,  we  have  found  a  second  gene 
(Rfv-2)  Which  also  appears  to  influence  recovery  from  FV  leukemia.   This 
gene  is  located  either  in  the  K  or  I  region  of  H-2  or  the  Tla  region 
adjacent  to  H-2. 

The  mechanism  of  H-2-associated  recovery  from  leukemia  remains  to  be 
proven.  We  have  shown  that  the  spleen  and  bone  marrow  of  mice  that  recover 
from  leukemia  contain  T-lymphocytes  capable  of  virus-specific  killing  of 
leukemic  cells  in  vitro.  However,  it  is  difficult  to  be  certain  that  these 
are  the  critical  in  vivo  effectors  of  recovery.  Experiments  on  neonatally 
thymectomized  mice  indicate  that  thymus  derived  cells  are  required  for 
recovery.   In  addition,  passive  transfer  of  immune  spleen  cells  to  leukemic 
mice  can  cure  previously  established  leukemia  in  certain  mice.  These 
passive  transfer  experiments  are  now  being  expanded  to  determine  which  cell 
populationCs)  in  the  spleen  are  essential  to  recovery  from  leukemia  in  vivo. 

The  location  of  the  Rfv-1  and  Rfv-2  genes,  together  with  genetic 
evidence  from  other  virus-induced  oncogenesis  models  (radiation-induced 
leukemia  virus,  mammary  tumor  virus,  B/T-L  leukemia  virus,  and  Gross 
leukemia  virus) ,  suggests  that  in  the  H-2D  region  (and  perhaps  also  in  the 
H-2K  or  H-2I  regions)  there  may  exist  clusters  of  functionally  related  genes 
which  exert  a  similar  influence  on  the  establishment  and/or  elimination  of 
virus-induced  neoplastic  cells.   Discovery  of  the  inechanism(s)  of  action  of 
these  genes  should  provide  basic  insight  into  possible  mechanisms  of 
recovery  from  a  number  of  neoplastic  diseases. 

In  the  course  of  studying  the  influence  of  H-2-associated  genes  on 
FV  leukemia,  we  have  also  noted  a  requirement  for  some  non-H-2  genes  to 
permit  the  expression  of  the  H-2-controlled  recovery  effects.   In  the 
ll_2b/b  backcross,  (C57BL/10  X  A.BY)Fi  X  A. BY,  there  is  a  single,  dominant, 
non-H-2,  C57BL/10  gene  required  for  recovery  from  leukemia.   Preliminary 
experiments  in  the  H-2a/a  backcross  (BlO.A  X  A)Fi  X  A,  indicate  that  a 
single  dominant  non-H-2  BlO.A  gene  is  required  for  elimination  of  FV  viremia 
in  the  presence  of  ongoing  progressive  leukemia.  Current  data  suggest  that 
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the  same  non-H-2  gene  mediates  the  effects  on  leukemia  and  vlremia  seen  In 
these  two  backcross  populations.   This  non-H-2  gene  may  act  by  Influencing 
the  appearance  of  virus  neutralizing  antibodies  which  appear  to  be  able  to 
eliminate  viremia  even  in  the  presence  of  leukemia.   These  antibodies  may 
also  be  a  necessary,  but  not  sufficient,  defense  mechanism  involved  in 
recovery  from  leukemia  itself.   Repeated  backcross  breeding  is  in  progress — 
to  isolate  this  gene  on  the  A. BY  strain  background  in  order  to  characterize 
its  effects  more  precisely. 

The  role  of  antiviral  antibody  in  suppression  or  modulation  of  virus- 
induced  cell  membrane  antigens  has  also  been  investigated.   (BIO. A  X  A)Fi 
mice,  which  have  the  low  recovery  (H-2a/a)  genotype,  can  produce  antiviral 
antibodies  and  eliminate  FV  infection  in  the  spleen  and  blood  In  spite  of 
their  progressive  leukemia.  Thirty  days  or  more  after  the  onset  of 
leukemia,  the  spleen  cells  of  these  leukemic  mice  can  no  longer  be  killed 
by  antiviral  antibody  and  complement.   Quantitative  absorption  studies 
indicate  that  the  leukemia  cells  have  lost  75-90%  of  their  original  virus- 
induced  antigens.  Other  experiments  indicate  that  specific  antiviral 
antibody  can  modulate  the  expression  of  virus-induced  cellular  antigens 
in  vivo.  This  process  is  reversible.   It  is  still  unclear  whether  this 
phenomenon  is  the  result  of  a  cell  population  selection  (i.e.,  antibody 
could  eliminate  most  cells  with  large  amounts  of  antigen)  or  a  direct 
influence  of  antibody  on  the  production  and/or  expression  of  viral  antigen 
on  each  individual  cell.   In  either  case,  this  phenomenon  may  be  of 
importance  both  in  interfering  with  the  process  of  recovery  from  leukemia 
by  elimination  of  foreign  (viral)  antigens  and  also  in  establishing  of 
latent  virus  infection  in  these  cells.   Future  investigations  will  be  aimed 
at  examining  both  of  these  possibilities. 

2 .   Nonerythroid  la-posltlve  FV-lnduced  leukemia  cells.   We  have 
previously  described  a  number  of  mouse  leukemia  cell  lines  which  possess 
I-region  associated  (la)  cell  surface  antigens.   Several  of  these  lines 
were  induced  by  FV  which  is  believed  to  transform  only  primitive  erythroid 
cells.   Since  erythroid  cells  were  not  believed  to  have  la  antigens,  we 
examined  our  la-positive  and  la-negative  FV  lines  for  erythroid  character- 
istics (ability  to  make  hemoglobin  and  presence  of  globin  m-RNA) .   Thirteen 
of  19  lines  were  erythroid -positive,  la-negative,  5  were  erythroid-negative, 
la-positive,  and  one  was  erythroid-negative,  la-negative.  These  data 
suggest  that  FV  leukemogenesis  can  occur  in  more  than  one  cell  type. 

The  exact  origin  of  the  la-positive  nonerythroid  cells  is  still 
unclear.   Although  they  lack  membrane  limnuno globulin,  all  the  lines  have  a 
membrane  receptor  for  the  Fc  portion  of  immunoglobulin  molecules  and  several 
also  have  a  receptor  which  binds  the  third  component  of  complement  (C3) . 
These  findings,  plus  the  presence  of  la  antigens,  suggest  that  these  cells 
are  most  likely  derived  from  a  primitive  B-lymphocyte.   Further  studies  of 
these  cells  may  provide  information  on  early  cell  types  in  the 
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differentiation  of  B-lymphpcytes .   In  addition,  experiments  are  in  progress 
in  collaboration  with  the  laboratory  of  Dr.  H.  McDevitt  at  Stanford 
University  to  use  these  cell  lines  as  rapidly  proliferating  homogeneous 
sources  of  la  antigen  for  biochemical  examination. 

3.   Characterization  of  an  infectious  center  assay  for  leukemia 
virus-producing  cells.   In  an  attempt  to  develop  better  assays  of  ixi^  vivo 
leukemia  virus  expression  in  individual  cells  of  various  organs,  a  murine 
leukemia  virus  infectious  center  assay  has  been  analyzed  using  a  group  of 
in  vitro  passaged  leukemia  cell  lines.   The  results  show  that  detection  of 
virus-producing  cells  in  the  infectious  center  assay  is  dependent  on  the 
rate  of  virus  production  by  individual  cells.  Although  100%  of  high  virus 
producer  cells  give  positive  infectious  center  plaques,  only  0.01%-1.0%  of 
low  virus  producers  are  detectable.  The  results  roughly  fit  the  prediction 
that  a  virus  producer  cell  is  scored  as  an  infectious  center  if  it  secretes 
one  plaque-forming  unit  of  virus  within  40  hours  after  seeding  onto  the 
target  cell  culture. 

Because  of  the  dependence  of  infectious  center  detection  on  rate  of 
virus  production,  analysis  of  nonhomogeneous  infected  cell  populations  is 
difficult  to  interpret.  Using  a  combination  of  membrane  immunofluorescence, 
infectious  center  plaque  assay  and  reverse  transcriptase  enzyme  assay  on 
cells  of  preleukemic  mice  given  B/T-L  virus  at  birth,  we  have  found  a  large 
variation  in  the  ratio  of  viral  antigen-containing  cells  to  infectious 
center  positive  cells  in  thymus,  lymph  node,  spleen,  and  bone  marrow.   This 
data  could  imply  the  production  of  defective  virus  in  the  thymus.   Since 
this  organ  is  believed  to  be  the  primary  site  of  leukemogenesis  with  B/T-L 
virus,  it  is  possible  that  these  findings  may  be  important  to  understanding 
the  phenomenon  of  leukemogenesis.  Using  a  radioimmunoassay  for  viral 
proteins  as  well  as  the  membrane  immunofluorescence  assay  and  infectious 
center  assay  future  studies  will  be  directed  at  quantitative  studies  of 
virus  production  in  thymus  cells  of  preleukemic  mice  to  further  examine  this 
problem. 
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Studies  monitoring  the  humoral  response  in  rabbits  to  immunization 
with  nonviable  Candida  albicans  Croup  A  cells  indicate  that  antibodies 
reactive  to  common  antigens  of  A  and  B  cells  or  mannans  appear  first  and 
that  antibodies  directed  to  the  A  specificity  appear  later  in  the  Immune 
response.   Several  Group  A  strains  were  studied;  all  produced  a  similar 
response  to  the  common  Group  A  and  B  antigens  but  differed  in  their  capacity 
to  evoke  the  specific  Group  A  antibodies.   If  animals  were  first  Immunized 
with  Group  IJ  ccHh  and  Chen  injected  with  Group  A  cells  of  a  strongly 
immunizing  strain,  they  were  unresponsive  to  the  A  specificity.  Likewise, 
if  rabbits  were  first  injected  with  a  Group  A  strain  of  weak  Immunizing 
potential  subsequently  injecting  a  strong  A  Immunizing  strain  did  not 
result  in  an  enhanced  A  response. 

Efforts  to  block  antibody  formation  by  the  administration  of  antibody 
to  rabbits  before  the  injection  of  antigen  have  failed.   The  injection  of 
pooled  antisera  containing  5.9  mg  of  antibody  protein  per  ml  did  not 
repress  antibody  formation  in  the  experimental  rabbits.  One  ml  of  antiserum 
was  given  to  each  test  animal  3  to  4  hours  before  each  antigen  Injection 
and  after  a  total  of  12  ml  of  antisera  and  12  ml  of  antigen  were  Injected, 
the  antibody  levels  of  the  recipients  were  as  high  as  control  rabbits  that 
received  no  antisera. 

These  studies  are  elucidating  the  humoral  response  to  yeasts  and  are 
helping  to  characterize  the  Immune  recognition  of  polysaccharide  antigens 
with  slightly  differing  structures. 

The  work  described  above  continues  with  similar  emphasis. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

It  is  the  purpose  of  this  project  to  delineate  at  the  molecular  and  cellular 
level  the  mechanism  of  action  of  microbial  components  in  immunopotentlation. 
In  the  past  year,  four  major  efforts  have  been  made:   1)  chemical  synthesis 
and  isolation  of  analogs  of  trehalose  mycolates,  2)  characterization  of  the 
biological  activity  of  these  analogs,  3)  quantitative  determination  of  the 
molecular  interaction  of  these  analogs  with  endotoxic  glycolipids,  and 
4)  determination  of  the  nature  of  the  cellular  immunological  response  to  tumor 
cells  following  treatment  of  tumor-bearing  animals  with  anti-tumor  active 
microbial  components. 
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In  general,  the  major  objective  of  this  project  Is  the  definition  of 
the  structural  requirements  and  mechanism  of  action  of  immunopotentiating 
components  Isolated  from  microbes. 

Trehalose  mono-  and  dimycolates  isolated  from  various  species  of 
Mycobacterium  have  been  shown  to  be  potent  adjuvants  in  protection  against 
aerosol  challenge  with  M.  tuberculosis  strain  H37Rv.   Recently,  we 
demonstrated  that  trehalose  mycolates  alone  also  provided  protection  against 
aerosol  challenge  with  virulent  M.  tuberculosis.   This  protective  effect 
occurred  only  when  the  ester  was  properly  combined  with  mineral  oil  in  an 
oil-in-water  emulsion  used  to  treat  the  mice  challenged  with  the  virulent 
mycobacterium.  This  effect  was  associated  with  a  rapid,  monocytic 
infiltration  of  the  lung  tissues  characterized  histologically  as  a 
granulomatous  response.   These  same  esters  were  shown  to  generate  in  vitro 
a  chemotactic  substance  from  plasma.  Methyl  esters  or  free  fatty  acids 
were  incapable  of  producing  these  chemotactic  factors  in  vitro  and  did  not 
produce  a  granulomatous  response  in  vivo. 

We  also  previously  had  demonstrated  that  trehalose  mycolates,  when 
combined  with  glycolipids  isolated  from  the  Re  mutants  of  Salmonella 
typhimurium  (Re  glycolipids),  were  effective  adjuvants  in  bringing  about 
tumor  regression.  The  trehalose  esters  of  various  fatty  acids  that  had 
been  found  to  be  potent  chemotaxigens  were  not  necessarily  active  as 
adjuvants,  when  combined  with  the  Re  glycolipids  in  bringing  about  tumor 
regression.  The  research  activities  conducted  during  the  fiscal  year 
covered  in  this  report  included  studies  designed  to  further  delineate  the 
correlations  between  structure  and  function  of  defined  microbial  components 
that  act  as , immunopotentiators. 

By  studying  the  antitumor  activity  of  various  trehalose  esters,  both 
naturally  occurring  and  synthetic,  in  combination  with  the  Re  glycolipid, 
we  showed  that  a  certain  molecular  size  and/or  a  particular  molecular 
conformation  of  the  fatty  acid  residue  was  required  for  the  adjuvant 
activity  of  the  trehalose  esters.   Esters  formed  with  single  types  of 
mycollc  acids  and  esters  of  2-eicosyl-3-hydroxy-tetracosanoic  acid, 
curyiiumycolic  acids,  and  nocardomycolic  acids  were  potent  adjuvants. 
However,  neither  trehalose  esters  of  docosanoic  acids  nor  palmitic  acids 
were  active  in  combination  with  the  Re  glycolipid  in  producing  tumor 
regressions.   Thus,  it  appears  that  an  ot-branched,  6-hydroxy  fatty  acid 
with  a  carbon  number    from  40  to  60  approaches  the  minimal  structural 
requirement  for  the  expression  of  the  antitumor,  adjuvant  activity  of  the 
trehalose  esters  which  we  studied. 

Of  major  interest  to  us  was  a  mechanistic  explanation  for  this 
activity  so  that  we  could  more  rationally  understand  and,  hopefully. 
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predict  the  Immunopotentiating  activity  of  naturally-occurring  and 
chemically  synthesized  analogs  of  trehalose  mycolates.   This  laboratory 
had  previously  shown  that  one  of  the  properties  of  trehalose  dimycolate, 
which  might  be  Important  in  its  functioning  as  an  adjuvant,  was  that  of  its 
ability  to  bind  protein  to  the  oil  droplets  of  an  oll-ln-water  emulsion. 
We  proposed  that  if  the  amphipathic  nature  of  the  trehalose  esters  and  free 
fatty  acids  functioned  to  enhance  the  interaction  of  the  Re  glycolipid  with 
the  oil  droplets,  such  a  complex  might  be  more  effective  in  bringing  about 
tumor  regression  than  an  emulsion  lacking  this  complex.   Indeed,  such  a 
correlation  seems  to  exist.   That  is,  we  demonstrated  that  only  those  fatty 
acids  and  fatty  acid  esters  active  in  binding  the  radiolabelled  Re 
glycolipid  to  oil  droplets  were  active  in  bringing  about  tumor  regression. 
Conversely,  those  molecules  incapable  of  bringing  about  tumor  regression, 
when  combined  with  the  Re  glycolipid,  were  not  able  to  enhance  the  binding 
of  the  glycolipid  to  the  oil  droplets.  A  model  was  proposed  wherein  the 
polar  portions  of  the  Re  glycolipid  was  envisioned  interacting  with  the 
polar  portion  of  the  mycolic  fatty  acids  or  fatty  acid  esters  whose  nonpolar 
hydrophobic  tails  were  buried  in  the  mineral  oil  droplet.  This  complex 
would  then  serve  as  a  biologically  active  depot  of  Immunopotentiating 
microbial  substances  in  vivo. 

Previous  studies  in  this  laboratory  directed  at  understanding  the 
precise  chemical  nature  of  the  trehalose  dimycolates  purified  by  micro- 
particulate  silica  gel  chromatography  had  suggested  that  these  diesters 
contained  mycolic  acids  of  different  structures.   These  studies  were 
extended  by  using  trimethylsilyl  substituted  trehalose  dimycolates  isolated 
from  different  mycobacteria,  followed  by  qualitative  analysis  by  thin-layer 
chromatography.   Trehalose  dimycolate  from  virulent  strains  of  human  and 
bovine  tubercle  bacilli  were  found  to  contain  6  different  trehalose 
dimycolates  composed  of  3  distinct  ("a",  "6",  and  "y")  mycolic  acids.   The 
attenuated  bovine  strain  BCG  possessed  only  3  dimycolates  composed  of  2 
("a"  and  "y")  mycolic  acids.   The  3-mycolic  acid  was  also  absent  from  the 
trehalose  dimycolates  isolated  from  M.  phlei  and  M.  avium.   The  synthetic 
trehalose  diesters  of  a-  or  ymycolic  acids  were  as  effective  as  the 
naturally-occurring  trehalose  dimycolates  which  contained  a-,    g-,  and 
Y^mycolic  acids  in  bringing  about  tumor  regression  when  combined  with  the 
Re  glycolipid.   However,  the  lipid  composition  of  the  mycobacteria  might 
obviously  be  Important  in  the  pathogenesis  of  tuberculosis  or  virulence  of 
these  organisms  in  various  animal  hosts.   In  addition,  the  qualitative 
characterization  by  simple  chromatography  of  the  lipids  of  unknown 
mycobacteria  isolated  from  animals  and  humans  could  serve  as  a  rapid  and 
precise  means  of  taxonomical  identification. 

Studies  were  also  made  this  year  into  possible  immunological 
mechanisms  involved  in  regression  of  transplantable  tumors  in  syngeneic 
guinea  pigs  following  intralesional  treatment  with  trehalose  dimycolates 
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combined  with  microbial  extracts.   Spleen  cells  were  taken  from  guinea  pigs 
whose  tumors  had  regressed  following  treatment  with  trehalose  dimycolate 
combined  with  aqueous-soluble  extracts  from  either  BCG  delipidated  whole 
cells  or  whole  cells  of  Re  mutants  of  S_.    typhimurlum.   Passive  transfer  of 
these  spleen  cells  admixed  with  tumor  cells  (Winn  test)  into  normal  guinea 
pigs  JnhlblLod  tlie  growth  of  the  tumor  cells  and  the  animals  were  able  to 
resist  later  challenges  to  lethal  doses  of  tumor  cells.   Inhibition  of 
tumor  growth  occurred  only  if  the  immune  spleen  cell  to  tumor  cell  ratio 
was  200:1  or  greater.  No  inhibition  occurred  if  spleen  cells  from  nonimmune 
guinea  pigs  were  used. 

The  immunity  induced  by  intralesional  treatment  of  tumor  with 
extracts  of  various  microbes  is  not  sufficient  to  result  in  the  destruction 
of  large,  well-established  transplantable  tumors.   Studies  of  the  possible 
mechanisms  of  action  of  the  various  microbial  extracts  in  producing  tumor 
immunity  indicates  that  these  extracts  have  few,  if  any,  direct  antitumor 
effects.  Therefore,  it  seems  rational  to  combine  the  Immuno potent la ting 
properties  of  the  microbial  extracts  with  antitumor  toxicity  of  chemo- 
therapeutic  drugs.   Such  combinations  could  conceivably  be  designed  to 
minimize  the  adverse  side  effects  of  each  treatment  modality  and  yet  take 
full  advantage  of  the  complementary  qualities  of  both.   In  collaboration 
with  Dr.  Goldberg,  we  are  utilizing  oll-ln-water  emulsions  of  trehalose 
dimycolate  combined  with  delipidated,  deprotelnized  cell  walls  from  M.  bovis 
strain  BCG  given  In  conjunction  with  intralesional  chemotherapy.  Thus  far, 
data  indicate  that  mycobacterial  components  used  in  combination  with 
intralesional  chemotherapy  are  beneficial  and  their  use  permits  10-fold 
reduction  of  the  dose  of  chemotherapy  required  for  maximal  antitumor 
activities. 

The  future  course  of  this  project  will  Include  studies  to  correlate 
the  structure  and  function  of  defined  molecules  which  act  as  imnuno- 
potentiators.  A  major  effort  Is  now  underway  to  Isolate  and  chemically 
define  the  active  substances  In  the  aqueous  extracts  of  the  various  microbes 
under  study.  Only  if  this  is  accomplished  will  we  be  able  to  unequivocally 
define  the  essential  host-reactive  properties  of  the  microbial  extracts 
which  are  essential  for  their  Immunopotentiating  activities.   Isolation  of 
these  active  substances  should  provide  information  which  will  be  useful  In 
predicting  feasible  approaches  to  stimulation  of  the  reticuloendothelial 
system  and  appropriate  immunological  responses  in  humans  and  other  animals. 
Studies  are  now  in  progress  using  the  chemically-defined  molecules  to 
ascertain  their  relevant  physlcochemlcal  properties  and  their  mechanisms  of 
action  in  immunopotentiatlon. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  main  objective  of  this  project  is  to  determine  the  minimal  chemical 
and  biological  properties  of  bacterial  endotoxins  necessary  to  elicit  several 
biologic  and  immunologic  responses.   We  hope  to  identify,  by  fractionation  of 
different  endotoxins  and  physicochemical  and  biological  analyses  of  the 
individual  fractions,  the  component(s)  of  the  macromolecular  complex 
responsible  for  the  antitumor  effects  of  some  endotoxins.   Also,  techniques 
are  being  developed  to  assess  the  cellular  nature  of  the  immunomodulatory 
activities  of  different  endotoxic  materials. 
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Project  Description: 


Incorporation  of  endotoxic  extracts  from  gram-negative  bacteria  into 
immunotherapeutic  mycobacterial  agents  for  cancer  has  greatly  increased 
their  effectiveness  (see  Project  Nos.  ZOl  AI  00076-19  and  ZOl  AI  00078-05) . 
Particularly  effective  were  extracts  from  rough  Re  mutant  strains  rather 
than  from  smooth,  wild  types,  even  though  the  latter  could  be  as  much  as 
100  times  more  toxic  than  the  former.   Water-soluble  and  water-insoluble 
extracts  displaying  equal  endotoxicity  and  tumor  regressive  potency  were 
removed  from  Re  mutant  bacteria  with  hot  phenol-water  1:1  or  with  chlorofonn- 
methanol  4:1,  respectively.   Treatment  of  such  extracts  with  Triton  resulted 
in  abrogation  of  tumor  regressive  potency  whereas  endotoxic  properties, 
such  as  lethality  for  chick  embryos  and  pyrogenicity  for  rabbits,  were  not 
affected.   So  far,  it  has  not  been  possible  to  reduce  the  toxicity  of  these 
Re  mutant  extracts  without  impairing  their  tumor  regressive  potency. 
Chemical  procedures  employed  included  treatment  with  alkali  in  aqueous 
solution  which  resulted  in  partial  detoxification,  whereas  complete 
detoxification  was  observed  with  alkali  in  organic  solvents  (DMSO) ,  or  by 
transmethylation,  acetylatlon,  succinilatlon,  and  phthalylatlon.   In  cases 
where  the  toxicity  was  reduced  10-fold  or  more,  the  tumor  regressive  potency 
was  reduced  by  only  about  50%  and  treatment  of  tumors  with  double  or  10 
times  the  usual  dosage  did  not  appreciably  improve  the  cure  rate.   The  same 
was  true  for  certain  side  fractions  which  were  either  nontoxic  or  of  low 
toxicity  that  were  obtained  during  extraction  of  Re  mutant  bacteria.  For 
example,  a  potent  chloroform-methanol  4:l-soluble  extract,  upon  precipita- 
tion with  methanol,  left  behind  in  solution  a  large  proportion  of  material 
that  could  be  precipitated  with  acetone.   This  acetone  precipitate,  although 
it  was  at  least  100  times  less  toxic  than  the  methanol  precipitate  of  high 
antitumor  potency,  provided  at  the  300-yg  dose  level  (equivalent  to  a 
standard  dose  of  tumor  immunotherapeutically  active  BCG  cell  walls)  cures 
of  at  least  one-half  of  the  tumor  bearing  animals  treated;  treatment  with 
milligram  quantities,  however,  did  not  significantly  Improve  the  cure  rate. 

The  chemical  detoxifications  tried  are  empirical  because  there  is  no 
chemical  analysis  for  endotoxin  potency  and  only  biological  activity  can  be 
quantitated.   However,  potent  endotoxic  organic  solvent-soluble  extracts, 
rather  than  water-soluble  extracts,  lend  themselves  to  fractionation  by 
centrifugal  and  pressure  elution  chromatography  through  micropartlculate 
gel  columns.   By  analytical  chromatography,  endotoxic  chloroform-methanol 
4:1  extracts  could  be  resolved  into  at  least  eight  components,  some  of 
which  were  nontoxic.   Hopefully,  by  these  methods  we  will  be  able  to 
Isolate  and  chemically  characterize  a  homogeneous  endotoxic  bacterial 
entity.   Preliminary  results  of  fractionation  on  a  preparative  scale,  which 
is  in  progress  under  contract  by  Dr.  Reno  Parker,  Hamilton  Biochemical 
Research  Laboratory,  led  to  isolation  of  a  major  single  chromatographic 
band  which  was  nontoxic  and  did  not  regress  tumors.   Toxic  portions  so  far 
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Isolated  also  possessed  tumor-regressive  potency  but  were  still  mixtures  of 
at  least  three  components  that  formed  distinct  chromatographic  bands. 

In  the  future,  two  complementary  areas  gf  research  will  be  pursued. 
First,  we  will  attempt  to  define  further  the  minimal  chemical  and  biological 
properties  of  endotoxins  necessary  for  successful  treatment  of  some  tumors. 
These  studies  will  include  more  complete  subfractionation  of  the  chloroform- 
methanol  extracts  described  above  and  also  assessment  of  native  and 
chemically  modified  (i.e.,  acid  or  alkaline  hydrolysis,  enzymatic 
deproteinization,  and  conjugation  with  polymyxin  B)  endotoxic  materials 
prepared  by  sequential  extractions  of  wild-type  and  mutant  strains  of 
different  gram-negative  bacteria.  Secondly,  we  will  examine  the  capacity 
of  native,  chemically  modified,  and  fractionated  endotoxins  to  modulate 
immunologic  responses,  in  terms  of  both  antitumor  effects  and  modulation  of 
immune  responses  to  conventional  protein  and  polysaccharide  antigens. 
Standard  techniques  which  measure  humoral  and  cell-mediated  responses,  as 
well  as  in  vitro  methods  for  separation  of  lymphocyte  subpopulations 
(including  a  sensitive  assay  which  measures  antigen-specific  proliferation 
of  T  cells)  will  be  used  to  determine  the  cellular  nature  of  the  immuno- 
modulatory effects  of  bacterial  endotoxins. 
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The  major  objective  of  this  project  is  to  identify  nonviable,  chemically 
defined  microbial  components  that  are  efficacious  antitumor  agents.   The 
general  approach  in  these  studies  is  the  development  of  standardized  agents 
useful  for  both  experimental  and  applied  immunotherapy.   The  intent  of  this 
research  1h  to  1)  circumvent  the  use  of  infectious  agents,  2)  separate  active 
componouta  from  potential  antagoniut  substances,  3)  remove  or  chemically 
modify  fomponentfi  producing  undesirable  biological  responses,  and  4)  develop 
and  supply  such  efficacious  preparations  in  stable  and  standardized  forms. 
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Project  Description: 

VI«l)lo  nacIlliiH  Caluujt I  e-CJiierin  (BCCO  wnn  effective  In  treating  a 
carciuogeii-ludiiced  hepaLocarcinoma  (llne-10)  tranaplaiiLad  into  the  akin  of 
syngeneic  guinea  pigs,  and  similar  results  have  been  obtained  with  nonviable 
mycobacterial  components,  such  as  BCG  cell  walls  associated  with  oil 
droplets  in  saline  suspensions.  Much  of  the  recent  work  of  this  laboratory 
has  been  devoted  to  isolating  and  characterizing  individual  microbial 
components  capable  of  stimulating  the  desired  antitumor  activity  in  this 
system.  Two  components  appear  to  be  essential:   an  adjuvant  related  to 
mycolic  acid  and  an  immunogen  (antigen)  derived  from  mycobacterial  or  other 
microbial  cells.  The  Immunogen  was  contained  in  phenol-water  extracts  from 
BCG,  Re  mutant,  gram-negative  bacteria  and  other  Intracellular  parasites, 
such  as  Q  fever  rickettsia  and  Brucella  abortus.  As  in  the  case  of 
mycobacterial  cell  walls,  a  physical  combination  of  adjuvant  and  antigen 
must  be  emulsified  with  oil  droplets  and  suspended  in  saline  in  order  to  be 
effective. 

The  most  potent  adjuvants  were  branched,  long-chain  fatty  acids 
(about  C30  to  C90)  of  mycobacterial  cell  walls  which  were  esterified  with 
the  disaccharide  trehalose  (P3)  .   C90  fatty  acids  (mycolic  acids)  which 
were  esterified  with  the  monosaccharide  arabinose  or  even  free  mycolic 
acids  were  less  toxic  than  the  trehalose  esters,  but  also  were  somewhat 
less  effective  in  line-10  tumor  regression.  When  combined  with  P3,  the 
efficacy  of  antigenic  phenol-water  extracts  from  Re  mutant,  gram-negative 
bacteria,  containing  endotoxic  glycolipid,  was  greater  than  that  of  less 
toxic  extracts  similarly  prepared  from  BCG  or  Q  fever  rickettsiae.  All 
phenol-water  extracts  contained  less  than  IX   protein  and  thus  have  the 
advantage  over  the  intact  BCG  cells  or  cell  walls  (30-40%  protein)  which 
produce  excessive  allergic  reactions. 

In  earlier  stages  of  our  investigation,  cell  walls  of  BCG  were 
digested  with  proteolytic  enzymes  to  remove  their  protein  moiety  and  then 
exhaustively  extracted  with  neutral  solvents  to  remove  free  lipids, 
including  P3,  leaving  behind  the  so-called  cell  wall  skeleton  (CWS) ,  an 
Insoluble  polymeric  mycolic  acid-arabinogalactan-mucopeptide.  The  virtually 
tuberculoprotein-free  CWS,  which  still  contained  the  required  antigen,  had 
reduced  antitumor  effect  but  cure  rates  similar  to  those  obtained  with  the 
original  cell  wall  were  obtained  by  recombining  CWS  with  nonimmunogenic  P3. 

Subsequently,  we  found  that  a  combination  of  CWS  +  P3  +  Re  mutant 
glycolipid  was  the  most  powerful  adjuvant-antigen  system  so  far  developed. 
This  combination  not  only  led  to  exceptionally  rapid  destruction  of  tumors 
but  older,  more  highly  metastasized  timora  were  successfully  treated.   It 
cured  animals  from  regional  metastases  after  the  primary  line-10  tumors  had 
been  surgically  removed.   These  exciting  results,  which  had  not  been 
observed  wiiun  viable  UCG  or  BCG  cell  walls  were  used,  were  recently 
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reproduced  at  NCI  in  Bethesda.   Baaed  on  previous  findings  by  others,  It 
waH  believed  Ihnt  n  microbial  immunoHtiraulant  had  to  be  Injected  directly 
Into  the  tumor  to  be  affective  or,  as  we  reported  last  year.  Intradermal 
injections  had  to  be  made  between  tlie  primary  tumor  and  the  draining  lymph 
node  prior  to  surgical  excision  of  the  primary  tumor. 

The  above  studies  in  guinea  pigs  demonstrating  the  antitumor  efficacy 
of  the  cell  wall  skeleton,  combined  with  the  Re  mutant  glycolipid  and  P3, 
were  extended  to  a  clinical  trial  in  cattle.   In  collaboration  with 
Dr.  Woodward,  spontaneous  carcinomas  of  the  eye  were  treated  with  intra- 
lesional  injections  of  the  triple  combination  of  microbial  components. 
These  studies,  which  are  in  progress,  appear  promising,  and  the  final 
results  will  be  forthcoming.  This  rather  large  trial  was  started  after 
preliminary  trials  were  made  in  which  a  4-cm  squamous  cell  carcinoma  of  the 
eye  of  a  mature  cow  completely  regressed  after  a  single  injection  of  BCG 
cell  wall  combined  with  Re  glycolipid,  another  3-cm  tumor  completely 
regressed  after  two  injections  of  BCG  cell  wall  skeleton  plus  Re  glycolipid, 
and  a  horse  with  an  equine  sarcoid  responded  (complete  regression)  to  two 
injections  of  BCG  cell  wall  plus  Re  glycolipid. 

Attempts  are  now  being  made  to  obtain  an  IND  for  Re  glycolipid  +  P3 
or  Re  glycolipid  +  CWS  +  P3  to  be  used  for  Phase  I  trials  in  human  patients 
at  M.D.  Anderson  Hospital  and  Tumor  Institute  in  Houston.   FDA  asked  for 
extensive  toxicity  data  obtained  from  graded  doses  in  mice,  guinea  pigs  and 
dogs. 

Meanwhile,  during  the  development  of  more  effective  microbial  immuno- 
therapeutic  reagents.  Phase  1  trials  with  a  combination  of  P3  +  CWS  at  the 
M.D.  Anderson  Hospital  and  Tumor  Institute  and  at  the  University  of  Minnesota 
School  of  Medicine  gave  encouraging  results.   In  Houston,  19  patients  with 
advanced  malignant  melanoma  were  treated  with  three  dose  levels  similar  to 
those  used  in  the  guinea  pig  model  (75  ug   CWS  +  75  yg  P3 ,  150  yg  CWS  + 
150  yg  P3,  and  300  yg  CWS  +  300  yg  P3) .   Sixteen  of  the  19  patients  had 
previously  been  treated  without  success  with  BCG  by  scarification.   There 
were  seven  partial  responses  and  one  complete  response.   (By  partial 
response,  we  mean  more  than  50%  resolution  of  injected  tumors  but  less  than 
a  complete  response.)   In  Minneapolis,  similar  treatment  of  4  patients  with 
malignant  melanoma  resulted  in  one  partial  response  and  one  complete 
response.   In  these  cases,  CWS-P3  completely  regressed  injected  as  well  as 
noninjected  lesions,  Indicating  the  development  of  systemic  immunity.   The 
CWS-P3  combination,  upon  intralesional  injection,  has  been  essentially 
nontoxic;  the  major  manifestation  being  fever  up  to  101°F.  that  usually 
subsided  within  24  hours. 

These  findings  were  reported  at  the  Annual  Meeting  of  the  National 
Association  for  Cancer  Research,  May  15-21,  1977,  in  Denver.   It  was 
concluded  that  this  nonviable  preparation  should  be  considered  as  an 


NIH 


WIDTH    hiiiwiiEN    i;.L!ii.   UiTLlNK.       RlCHl'   MAKGINAI     LINK 
MAY    'I':    "Uil.Ali;i)    HI'    rf'    2    OR    T    L.iiTTKK;J. 

Project  No.  ZOl  AX  00078-05  RML 


alternative  to  local  BCG  therapy.   Furthermore,  if  man  responds  in  a  manner 
similar  to  the  guinea  pig,  as  in  the  case  of  treatment  with  CWS  +  P3, 
treatment  of  human  tumors  with  Re  glycollpld  +  CWS  +  P3  might  also  be 
superior. 

Several  major  courses  of  action  are  planned  for  future  research  In 
this  project:   1)  A  wide  variety  of  microbial  components  and  combinations 
thereof  wl1  L  be  Mcrt'oned  for  activity  an  immunopotentlatora  in  bringing 
jibuut  tumor  rogreiiMlun.   2)  AttamptH  will  be  made  to  ieolete  and  determine 
the  uLructuru  of  esHuntial  components  that  poeeesa  tuner  regressive 
activity,  Buch  as  those  present  in  phenol-water  extracts  of  intracellular 
parasites  and  ultimately  to  synthesize  them.   3)  Recently,  lanunologlc 
cross  reactivity  between  BCG  and  certain  animal  and  human  tumors  susceptible 
to  BCG  Immunotherapy  has  been  demonstrated.   In  view  of  the  widespread  cross 
reactivity  of  mycobacteria  cells  with  taxonomically  unrelated  bacteria  and 
the  efficacy  of  certain  of  their  components  in  tumor  immunotherapy  In  both 
animal  models  (line-10  tumor  in  guinea  pigs)  and  human  tumors  (malignant 
melanoma,  acute  myelogenous  leukemia,  and  lung,  breast,  and  colon  carcinotna) , 
it  is  important  to  determine  whether  various  microorganisms  possess 
antigenically  related  or  individual  type-specific  tumor-cross-reactive 
antigens.   In  collaboration  with  members  of  the  Department  of  Developmental 
Therapeutics,  M.D.  Anderson  Hospital  and  Tumor  Institute,  Houston,  and 
Dr.  G.  Springer,  Evanston  Hospital,  Illinois,  studies  in  progress  will  be 
continued  to  evaluate  the  microbial  cross  reactivity  of  various  tumors  with 
respect  to  the  usefulness  of  such  cross  reactivity  in  detecting  and 
quantitating  circulating  tumor  antigens  or  occult  tumor  cells  and  its 
ability  to  potentiate  specific  tumor  immunity.   4)  Facilities  and  procedures 
will  be  organized  to  prepare  agents  in  this  nonclinical  laboratory  for  use 
in  human  patients  in  accordance  with  FDA  regulations. 
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Kelly,  M.  T.,  Granger,  D.  L.,  Ribi,  E.,  Milner,  K.  C,  Strain,  S.  M., 
and  Stoenner,  H.  G.:  Tumor  regression  with  Q  fever  rlckettsiae  and  a 
mycobacterial  glycolipid.   Cancer  Immunol.  Immunother.  1:   187-191, 

1976.  ' 

Zbar,  B.,  Ribi,  E.,  Kelly,  M.  T.,  Granger,'  D.,  Evans,  C. ,  and  Rapp, 
H.  J.:   Immunologic  approaches  to  the  treatment  of  human  cancer  based 
on  a  guinea  pig  model.   Cancer  Immunol.  Immunother.  1:   127-137,  1976. 

Ribi,  E.,  Milner,  K.  C,  Granger,  D.  L.,  Kelly,  M.  T.,  Yamamoto,  K. , 
Brehmer,  W. ,  Parker,  R. ,  Smith,  R.  F. ,  and  Strain,  S.  M. :   Immuno- 
therapy with  nonviable  microbial  components.   Ann.  N.Y.  Acad.  Sci.  277; 
228-238,  1976. 
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McLaughlin,  C.  A.,  Brehmer,  W. ,  Strain,  S.  M.,  Smith,  R.  F.,  and 
Parker,  R.:   Structural  requirements  of  microb;Lal  agents  for  immuno- 
therapy of  the  guinea  pig  line-10  tumor.  In  Lamoureux,  G.,  Turcotte, 
R. ,  and  Portelance,  V.  (Eds.):  BCG  in  Cancer  Immunotherapy.  New  York, 
Grune  &  Stratton,  Inc.,  1976,  pp.  51-61. 

Ribi,  E.,  Milner,  K. ,  and  Brehmer,  W. :   Bedeutung  von  Mikroorganismen 
fUr  die  Immuntherapie  des  Krebses.   In  Fiilgraff,  G.  and  Rietzschel,  C. 
(Eds.):   Bewertung  von  Risiken  fur  die  Geaundheit.  Wissenschaftliches 
Symposium  anlasslich  der  Hundertjahrf eier  des  Bundesgesundheitsamtes 
Berlin,  17.-20.  Mai  1976.  Stuttgart,  New  York,  Gustav  Fischer  Verlag, 
1977,  pp.  164-169. 
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Zbar,  B.,  Ribi,  E.,  and  Rapp,  H.  J.:   Immunotherapy  of  a  guinea  pig 
hepatoma  with  living  BCG:  a  frozen  liquid  and  a  lyophilized  prepara- 
tion are  equally  active.  Cancer 

Ribi,  E.,  Toubiana,  R. ,  Strain,  S.  M.,  Milner,  K.  C,  McLaughlin,  C, 
Cantrell,  J.,  Azuma,  I.,  Das,  B.  C,  and  Parker,  R. :   Further  studies 
on  the  structural  requirements  of  agents  for  immunotherapy  of  the 
guinea  pig  line-10  tumor.  Cancer  Immunol.  Immunother. 

Wepslc,  H.  T.,  Tracey,  R.  S.,  Harris,  S.,  Ribi,  E,,  and  Morris,  H.: 
The  effect  of  Bacillus  Calmette-Guerin  cell  walls  upon  the  metastatic 
potential  of  transplantable  Morris  hepatomas.  Cancer  Res. 
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Appendix  1.   Contract  NOl  AI  72525.  Production  of  P3  and  Isolation, 
Fractionation  and  Purification  of  Llpopolysaccharldes 
(Endotoxins),  Hamilton  Biochemical  Research  Laboratory, 
Hamilton,  Montana. 

Total  Man  Years:   9/12       Professional:   2/12       Other:  7/12 

Annual  Funding:   $52,445 

This  project  was  effective  June  30,  1977,  and  the  estimated 
expenditure  for  the  initial  3  months  will  be  about  $12,000.  To  date,  the 
contractor  has  developed  solvent  systems  to  move  endotoxins  through  silica 
gels  during  centrifugal  chromatography.  In  preliminary  experiments  he  has 
separated  endotoxin  into  3  fractions,  of  which  2  were  nontoxic  and  inactive 
in  tumor  regression.  The  third  fraction  is  toxic  and  regresses  tumors. 
Preliminary  evidence  suggests  that  this  fraction  consists  of  3  different 
substances,  and  solvent  systems  are  being  developed  to  separate  these 
subfractlons. 
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SUMMARY  OF  WORK  (200  words  or  lesi  -  underline  l<- 

The  role  garter  snakes  might  play  in  the  ecology  of  Western  equine 
encephalitis  has  continued  to  be  an  objective  of  the  project.  Endeavors 
are  made  to  demonstrate  presence  of  antibody  in  garter  snakes  following 
experimental  infection.   Standard  as  well  as  modified  techniques  are 
employed.   The  laboratory  provides  assistance  upon  request  to  various 
clinics,  hospitals,  and  state  health  laboratories  for  isolation  and 
identification  of  arboviruses  and  testing  for  hemagglut inat ion-inhibit ing 
and  complement-fixing  antibodies  against  these  disease  agents. 
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Project  Description: 


For  a  number  of  years  we  have  monitored  the  activities  of  western 
equine  encephalitis  (WEE),  St.  Louis  encephalitis,  and  California 
encephalitis  viruses  in  the  Northwest  so  that  unresolved  facets  of  the 
ecology  of  these  viruses  can  be  studied  during  epidemic  periods.  Based  on 
the  lack  of  seroconversions  in  the  few  serums  submitted  from  man,  horses, 
and  sentinel  chickens,  we  concluded  that  these  viruses  were  essentially 
inactive  during  the  past  year. 

This  department  has  continued  to  cooperate  with  other  members  of  the 
RML  in  the  study  of  tick-borne  viruses.   Stock,  antigens,  and  Immune  sera 
of  a  large  number  of  tick-borne  viruses  are  prepared  and  maintained  to  be 
used  in  tests  to  characterize  and  establish  antigenic  relationship  of 
"recognized"  strains  and  "field"  Isolates.  Viruses  are  tested  for  their 
pathogenicity  in  mice  and  antigenic  relationship  is  determined  by  their 
hemagglutination,  hemagglutlnation-inhibitlon,  and  neutralization 
properties.  Field  isolates  characterized  the  past  year  are  as  follows: 
1  Quaranfll  (Quaranfll  group)  and  Soldado  (Hughes  group),  1  Aves  Island 
(Hughes  group),  1  Kemerovo  group  from  an  Alaskan  bird,  1  Six  Gun  (Kemerovo 
group)  and  Sapphire  II  (Hughes  group),  3  Six  Gun,  2  Aransas  Bay  (Upolu 
group  and  Hughes  group),  6  Soldado,  22  Aransas  Bay,  and  22  Raza  (Hughes 
group) . 

The  modified  regular  neutralization  test,  the  snake  globulin 
precipitation  (SGP)  test,  has  been  employed  the  past  year  in  continuing  to 
test  sera  from  WEE  experimentally  infected  garter  snakes.   The  snakes  are 
being  held  and  tested  in  efforts  to  determine  the  length  of  time  antibodies 
may  persist  following  initial  exposure  to  WEE  virus.  Antibodies  were  still 
detected  in  4  of  5  snakes  bled  1,076  days  (8-11-76)  following  the  initial 
inoculation  and  a  second  inoculation  on  day  74.  The  snakes  are  still  in 
apparently  good  condition  and  will  be  bled  from  time  to  time  for  antibody 
determination. 

Tills  department  will  continue  to  perform  serological  tests  for 
antibodies  against  selected  bacterial,  rickettsial,  and  viral  diseases  of 
Interest  to  the  Rocky  Mountain  Laboratory.  The  cooperative  study  of  tick- 
borne  viruses  is  a  major  part  of  the  work  and  will  be  continued  to  be 
emphasized.  The  SGP  test  will  be  utilized  in  testing  any  sera  collected 
from  garter  snakes  from  areas  where  WEE  virus  activity  is  evident. 
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SUMMARY  Of    WORK  (200  words  or  less  -  underline  !■ 

Vero  cell  cultures  were  used  for  the  Isolation  of  rickettsial  organisms  and 
these  agents  were  identified  by  micro immunofluorescence  test.   Nineteen 
strains  of  rickettsia  were  isolated  from  Ixodid  ticks  In  Vero  cells.  These 
isolates  Included  3  of  Rickettsia  sp.,  possibly  R.  rhipicephall  from 
Dermacentor  ticks  in  Oregon,  and  13  from  Massachusetts  ticks;  the  latter 
isolates  reacted  most  strongly  with  specific  immune  sera  from  the  spotted 
fever-group  agent,  R.   montana .   Thirty-six  strains  of  virus  were  isolated 
from  argasid  ticks.   Among  these  strains  were  6  Hughes  group  viruses 
(probably  So] dado)  from  South  Africa  and  22  of  another  Hughes  group  agent 
(Raza)  from  Mexico.   Utilizing  immunofluorescence  microscopy,  we  studied 
52  arboviruses  of  11  serogroups. 
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Project  Description: 


Attempts  have  been  made  to  determine  the  incidence,  distribution, 
and  ecology  of  tick-borne  diseases  that  influence  man  and  domestic  animals 
in  the  United  States.   Of  equal  importance  is  the  investigation  of  the 
vector  relationships  of  the  increasing  number  of  viruses  known  or  thought 
to  be  associated  with  ticks  that  cause  human  illness. 

Viruses  and  rlckettslas  in  ixodid  ticks.  Use  of  Vero  cell  cultures 
for  the  Isolation  of  rickettsial  organisms,  as  previously  described  by  us, 
and  the  rapidity  with  which  spotted  fever  (SF)  group  organisms  may  be 
identified  by  the  microlmmunofluorescence  test  developed  by  Philip  and 
colleagues  of  RML  has  enabled  us  to  make  maximum  use  of  field-collected 
hard  ticks.  Ticks  are  tested  individually  by  the  hemocyte  test  of  Czech 
workers,  utilizing  Gimdnez  and  i mmuno fluorescence  staining  procedures. 
Those  harboring  rickettsla-like  organisms  are  inoculated  Individually  in 
animals  and  cell  cultures,  while  those  appearing  negative  are  likewise 
tested  as  pools  of  ticks.  This  year,  numerous  tests  were  made  of  6  species 
of  human-biting  ticks  originating  in  the  Northwest.   Isolated  from  Oregon 
ticks  were:   1  strain  of  Colorado  tick  fever  virus  from  Dermacentor 
occid entails,  3  strains  of  Rickettsia  sp.,  possibly  R.  rhipicephall,  from 
D.  occldentalis  and  D^.  andersonl,  and  1  strain  of  an  uncharacterized  spotted 
fever-group  rickettsla  from  Ixodes  paclf icus.  Two  strains  of  a  rickettsla 
of  the  SF  group  were  recovered  from  D.  andersonl  taken  from  a  black  bear  in 
Idaho.  No  Isolations  of  pathogens  were  made  from  27  pools  of  I^.  uriae 
collected  in  seablrd  rookeries  on  St.  Paul  Island,  Alaska.  Of  special 
significance  in  the  above  findings  is  the  occurrence  of  CTF  virus  and  SF 
group  rlckettslas  in  tick  species  outside  the  areas  Infested  by  D.  andersonl. 

A  sizable  sample  of  D.  variabilis  ticks  collected  in  Massachusetts 
by  Dr.  McEnroe  was  also  tested.  Thirteen  isolates  were  obtained,  all  of 
which  react  most  strongly  with  specific  immune  sera  prepared  from  the  SF 
group  agent,  R.  montana.   Some  of  these  strains  were  Inoculated  into  guinea 
pigs  but  failed  to  cause  illness,  indicating  that  a  virulent  strain  of 
R.  rickettsii  was  not  Involved. 

Viruses  in  argasid  ticks.   Thirty-six  pools  of  South  African 
Ornlthodoros  capensls  group  ticks  (seablrd  parasites)  were  tested  for 
viruses;  6  strains  of  a  Hughes  group  agent,  probably  Soldado  virus,  and  one 
of  an  unidentified  virus  of  the  Quaranfll  group  were  recovered.   Related 
ticks  from  San  Lorenzo  island.  Gulf  of  California,  Mexico,  were  tested  as 
49  pools;  these  yielded  22  isolations  of  another  Hughes  group  virus,  Raza, 
previously  described  from  this  area.  Montana  populations  of  Argas  cooleyi, 
a  migratory  bird  parasite,  have  yielded  6  strains  of  Slxgun  City  virus  and 
a  single  strain  of  Sapphire  II  virus.  All  of  the  above  isolations  were 
made  in  Vero  cells. 
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Assay  systems  for  tick-borne  viruses.  The  low  infect ivity  of  many   j 
tick-borne  viruses  necessitates  continuation  of  efforts  to  develop  adequate  j 
systems  for  identification  and  assay  of  these  agents.   In  the  past  year,  we 
have  placed  major  emphasis  on  immunofluorescence  microscopy.  To  date,  over 
300  antigens  have  been  prepared  in  various  tissue  culture  lines.  Homologousi 
immune  fluids  were  also  prepared  for  100  of  these  agents.  Using  these 
reagents,  the  cross  relationships  of  52  arboviruses  of  11  serogroups  were 
studied.   In  one  study  of  viruses  of  the  Hughes  group,  immunofluorescence 
results  correlated  closely  with  CF  results  and  could  be  used  to  determine 
interrelationships  of  viruses  within  the  group.   It  was  found  that,  based 
on  serological  similarities,  the  group  could  be  divided  Into  2  subgroups 
and  a  number  of  further  divisions,  each  of  which  show  some  correlation  with 
distribution  and  vector  associations  of  the  viruses. 

Work  on  this  project  will  continue  along  similar  lines  to  that 
outlined  in  the  1975-76  report.  Again,  we  must  emphasize  that  our  virus 
and  rickettsial  program  is  dependent  upon  the  continued  efforts  of 
collaborators  since  our  funds  for  field  work  are  considerably  restricted. 

It  is  likely  that  future  studies  will  include  more  emphasis  on  bench 
work  such  as  that  done  with  the  Immunofluorescence  technique  in  1975-76. 
Attempts  will  be  made  to  alter  the  existing  techniques  to  allow  for  more 
rapid  and  precise  identification  of  rlckettsia  and  viruses. 

We  will  also  do  some  definitive  studies  during  the  next  year  to 
determine  the  level  of  susceptibility  to  viruses  of  the  newly  established 
cesarean-derived  RML  strain  of  white  mouse.   It  appears  that  this  new 
strain  may  be  worthless  for  primary  virus  isolations. 


Publications: 

Hughes,  L.  E.,  Clifford,  C.  M.,  Gresbrlnk,  R. ,  Thomas,  L.  A.,  and 
Keirans,  J.  E. :   Isolation  of  a  spotted  fever  group  rlckettsia  from 
the  Pacific  Coast  tick,  Ixodes  paciflcus,  in  Oregon.  Am.  J.  Trop.  Med. 
Hyg.  25:   513-516,  1976. 

Keirans,  J.  E.,  Yunker,  C.  E.,  Clifford,  C.  M. ,  Thomas,  L.  A.,  Walton, 
G.  A.,  and  Kelly,  T.  C:  Isolation  of  a  Soldado-like  virus  (Hughes 
group)  from  Omlthodoros  maritimus  ticks  in  Ireland.  Experlentia  32: 
453-454,  1976. 

Yunker,  C.  E.,  Clifford,  C.  M.,  Thomas,  L.  A.,  Keirans,  J.  E.,  Casals, 
J.,  George,  J.  E.,  and  Parker,  J.  C:  Sunday  Canyon  virus,  a  new 
ungrouped  agent  from  the  tick  Argas  (A.)  cooleyl  in  Texas.  Acta  Virol. 
21:  36-44,  1977. 
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Clifford,  C.  M.:  Tick-borne  viruses  of  seabirda.  Proc.  2nd  Int. 
Symp.  on  Arctic  Arboviruses,  Mont  Gabriel,  Que.,  Canada,  May  26-28, 
1977. 

Yunker,  C.  E.,  Thomas,  L.  A.,  and  Cory,  J.:   Phenetic  relationships 
of  viruses  of  the  Hughes  serological  group.   Proc.  2nd  Int.  Symp.  on 
Arctic  Arboviruses,  Mont  Gabriel,  Que.,  Canada,  May  26-28,  1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

This  project  emphasizes  epidemiologic  investigations  of  infectious  diseases 
of  particular  interest  to  the  research  program  of  the  Rocky  Mountain 
Laboratory.   Current  investigations  include  a  study  of  Colorado  tick  fever 
in  the  Northwest,  the  etiologic  relationship  of  various  spotted  fever-group 
serotypes  to  human  illness,  and  Improvement  in  laboratory  methods  for 
diagnosis  of  rickettsial  infections,  particularly  Rocky  Mountain  spotted 
fever . 
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Project  Description: 

1.  Colorado  tick  fever  (CTF) .   Studies  are  being  continued  on  the 
epidemiology  of  this  disease.   In  1976,  86  cases  of  CTF  from  8  states  (19 
occurring  In  the  Bltterroot  Valley)  were  confirmed  by  virus  Isolation  or 
antibody  response  in  blood  samples  submitted  to  RML.   Thirty-four  cases 
from  5  states  (14  from  the  Bltterroot  Valley)  have  been  identified  to  date 
this  year.   CTF  continues  to  be  the  most  frequent  tick-borne  disease  in  the 
Northwest.   However,  we  have  not  encountered  serious  clinical  complications 
(encephalitis  and  hemorrhagic  manifestations)  among  more  than  300  cases 
diagnosed  during  the  last  6  years.  This  low  frequency  probably  reflects 
efficiency  of  case-finding  measures  rather  than  a  change  in  severity  of 
disease.  Severe  illnesses  are  more  likely  to  be  diagnosed  than  mild 
disease. 

2.  CTF  and  Rocky  Mountain  spotted  fever  (RMSF) .   Since  we  now  have 
excellent  clinical  coverage  of  CTF  and  RMSF  through  the  cooperation  of  local 
physicians,  we  are  examining  some  of  the  risk  factors  involved  In  these  2 
diseases  in  Ravalli  County.  During  the  past  2  years  we  have  requested 
western  Montana  residents  to  submit  attached  ticks  to  be  examined  by 
hemolymph  test  for  infection  with  CTF  virus  and  spotted  fever-group 
rickettsiae.   Positive  findings  for  CTF  virus  are  confirmed  by  mouse 
inoculation.  To  date,  482  attached  ticks  have  been  submitted.  Forty-two 
(8.7%)  and  9  (1.9%)  of  these  were  shown  to  be  infected  with  CTF  virus  and 
spotted  fever-group  rickettsiae,  respectively.   Follow-up  clinical 
information  and  blood  samples  were  obtained  from  most  of  these  persons. 
Seventeen  (49%)  of  35  persons  bitten  by  CTF  virus-positive  ticks  subsequently 
developed  febrile  illnesses  most  of  which  were  confirmed  as  CTF.  Two  of  8 
persons  submitting  ticks  with  rickettsia-like  organisms  that  stained 
specifically  with  anti-R.  rickettsii  conjugate  subsequently  developed  RMSF. 

A  rough  calculation  of  the  total  number  of  tick  bites  that  occur  each  year 
in  Ravalli  County  can  be  obtained  from  the  prevalence  of  Infection  in 
attached  ticks,  the  risk  of  transmission,  and  the  total  number  of  cases  of 
CTF  and  KMSF  that  occur  each  year.  The  tick-bite  rate  in  1976  was  estimated 
as  11.8/1,000  population.  Persons  bitten  by  ticks  infected  with  rickettsia- 
like  organisms  that  did  not  stain  specifically  with  anti-R.  rickettsii 
conjugate  had  higher  frequency  of  illness  than  those  bitten  by  noninfected 
ticks.  All  illnesses  were  mild  and  no  particular  clinical  syndrome  could 
be  identified.  Hopefully,  these  organisms  will  be  recovered  by 
Dr.  Burgdorfer  and  will  be  used  to  detect  serologic  responses  by  micro-IF. 

This  spring,  we  collected  3,700  unfed  adult  Dermacentor  andersonl 
from  18  canyons  bordering  the  east  side  (5  localities)  and  west  side  (13 
localities)  of  the  Bltterroot  Valley.   Tick  hemolymph  was  examined 
microscopically  for  the  presence  of  CTF  virus  antigen  and  rickettsia-like 
organisms.   Fourteen  percent  of  ticks  were  positive  for  CTF  and  8%  contained 
rickettsia-like  organisms  in  the  hemocytes.   Prevalence  of  CTF  infection  was 
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equally  high  on  both  sides  of  the  valley,  and,  with  one  exception,  it  was   i 
quite  uniform  from  canyon  to  canyon.   About  half  of  the  ticks  with 
rickettsia-like  organisms  contained  "long  forms"  which  did  not  stain  with 
spotted  fever-group  conjugate.   The  remainder  contained  organisms  which 
stained  to  varying  degrees  with  FITC-conjugated  antibody  prepared  against 
R.  rickettsii  in  guinea  pigs,  which  detects  antigen  shared  by  all  members 
of  the  spotted  fever  group.   Attempted  isolation  and  serotyping  of 
rickettalae  from  these  ticks  is  detailed  elsewhere  (ZOl  AI  00065-04) . 
Unlike  CTF  virus,  spotted  fever-group  rickettsiae  were  seldom  detected  in 
hemocytes  of  ticks  from  the  east  side  of  the  valley. 

3.   Serodiagnosis  of  RMSF.  Microimraunofluorescence  (micro-IF)  is 
used  routinely  now  to  test  for  spotted  fever  and  typhus  antibodies  in  sera 
submitted  to  RML  with  requests  for  rickettsial  disease  serology  by 
practicing  physicians  in  this  area.  From  time  to  time,  various  outside 
laboratories  have  also  requested  serologic  assistance.   In  1976,  27  cases 
of  RMSF  (including  3  fatalities)  from  7  states  and  one  foreign  country  were 
serologically  identified  during  the  course  of  these  activities.   Six  cases 
of  RMSF  have  been  detected  thus  far  in  1977.   The  New  York  State  Health 
Department  requested  confirmation  of  rickettsial  antibodies  in  sera  in 
which  they  found  Weil-Felix  0X19  and  0X2  titers  ^1:160.   It  is  noteworthy 
that  most  of  these  sera  were  negative  in  micro-IF  and  CF  tests  at  RML — 
a  finding  that  was  consistent  with  lack  of  clinical  and  epidemiologic 
evidence  supporting  rickettsial  etiology.  Several  other  laboratories 
requesting  assistance  have  also  had  difficulties  with  the  WF  test, 
presxmably  because  of  low  specificity  of  the  commercially-obtained  antigen. 

The  mlcro-IF  test  continues  to  be  more  sensitive  than  our  CF  test  in 
the  detection  of  spotted  fever-group  antibodies.   Arrangements  were  made  by 
Dr.  Thomas  with  the  Center  for  Disease  Control  for  dual  testing  of  aera 
from  RMSF  patients.  The  CF  results  obtained  at  RML  generally  paralleled 
those  at  CDC,  although  titers  were  usually  somewhat  lower  at  RML.   Several 
patients  from  whom  rickettsiae  were  isolated,  but  who  were  seronegative  by 
CF  at  both  laboratories,  were  seropositive  when  tested  by  micro-IF.  Thus, 
the  differences  in  sensitivity  between  the  CF  and  micro-IF  tests  did  not 
appear  to  be  solely  related  to  the  method  of  CF  testing  at  RML. 

During  the  coming  year,  we  hope  to  assemble  for  publication  all  of 
the  information  on  CTF  which  has  accrued  over  the  past  6  years.  Although 
no  new  rickettsial  strains  were  obtained  from  RMSF  patients  by  Duke 
collaborators  this  year,  we  will  continue  to  examine  the  antigenic 
relationships  among  isolates  as  they  become  available.  We  also  hope  to 
explore  other  laboratory  procedures  for  early  diagnosis  of  RMSF.   One 
possibility  being  considered  is  the  detection  of  rickettsial  antigen  in 
urine  by  cn/.yme-l inked  immunosorbent  .issay.  : 
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A  comparison  of  serologic  methods  for  diagnosis  of  Rocky  Mountain 
spotted  fever.  Am.  J.  Epidemiol.  105:   56-67,  1977. 


In  press: 

Philip,  R.  N.:   Scrub  typhus.   In  Steele,  J.  H.  (Ed.):   CRC  Handbook 
of  Zoonoses. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

The  abiding  concern  of  this  project  is  to  characterize  several  naturally 
occurring  slow  viral  diseases  of  domestic  animals  that  resemble  important, 
etiologically  obscure  diseases  of  man.  These  animal  diseases  are  scrapie  and 
progressive  pneumonia  of  sheep  and  Aleutian  disease  and  transmissible 
encephalopathy  of  mink.   Their  cllnicopathologic ,  vlrologic,  and  Immunologic 
features  are  studied  to  obtain  an  understanding  of  their  natural  history  and 
pathogenesis.   Such  studies  should  provide  not  only  information  on  mechanisms 
by  which  viruses  cause  protracted  disease  but  also  investigational  techniques 
that  may  help  to  determine  whether  certain  subacute  and  chronic  diseases  of 
man  are  caused  by  viruses. 
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Project  Description: 

This  project  Is  primarily  concerned  with  four  naturally  occurring 
slow  viral  diseases  of  animals,  namely,  scrapie  and  progressive  pneumonia 
of  sheep  and  Aleutian  disease  and  transmissible  encephalopathy  of  mink. 
The  main  objective  of  the  research  is  to  obtain  information  on  the  natural 
history  and  pathogenesis  of  each  disease.   Such  information  not  only  will 
help  characterize  unusual  host-virus  relationships,  which  these  diseases  so 
well  exemplify,  but  also  may  have  direct  implications  for  understanding 
some  diseases  of  man.  Features  that  receive  most  attention  are  temporal 
distribution  of  virus,  appearance  of  antibody,  and  host  cellular  responses 
and  their  relation  to  onset  of  disease.  Physicochemical  properties  of  the 
causal  viruses  receive  less  attention. 

Scrapie  and  mink  encephalopathy.   So  far,  scrapie  virus  has  not  been 
isolated  from  fetuses  or  newborn  lambs  of  naturally-infected  Suffolk  ewes. 
Nor  has  virus  been  detected  in  known  exposed  lambs  until  they  are  about 
10  months  old.   These  findings  have  made  it  difficult  to  determine  the  time 
and  mode  of  infection  under  natural  conditions  of  transmission.   Results  of 
two  experiments  designed  to  help  clarify  this  question  were  not  too 
informative.   In  one  (briefly  mentioned  last  year),  wild  scrapie  virus  was 
inoculated  Intramuscularly  into  each  of  23  Suffolk  fetuses  at  75  to  100 
days  gestation.  Of  seven  killed  256  to  370  days  later,  or  180  to  270  days 
after  birth.  Tour  had  traces  of  virus  in  the  regional  lymph  nodes, 
mesenteric  lymph  node,  or  ileum.  Virus  was  not  found  in  lambs  killed 
earlier. 

In  another  experiment,  wild  scrapie  virus  was  inoculated  directly 
into  the  tonsils  of  each  of  seven  Suffolk  lambs  one  to  7  days  old.  None 
had  detectable  virus  when  killed  5  to  7  months  later.  We  now  know  that  in 
both  experiments  the  lambs  were  killed  too  soon.  Nevertheless,  these 
findings  indicate  that  sheep  fetuses  75  days  old  or  older  are  not  any  more 
susceptible  to  scrapie  virus  than  young  lambs.  The  data,  however, 
contribute  little  about  the  possibility  of  intrauterine  infection,  a  still 
unanswered  question.   Failure  to  find  virus  in  the  younger  lambs  probably 
is  an  expression  of  an  extremely  long  eclipse  phase  in  replication  of 
scrapie  viruH.   This  phenomenon  was  seen  in  earlier  studies.   These 
oxperlmentB  Hhouid  bo   repeated  and  lambs  examined  for  virus  when  12  to  24 
moiiLliu  old. 

Third  intracerebral  passage  of  mink  encephalopathy  virus  in  three 
pygmy  goats  caused  disease  in  all  of  them  about  13  months  after  inoculation. 
Of  particular  interest  were  the  pronounced  spongiform  change  and  astro- 
cytosis  found  throughout  the  cerebral  cortex.   These  changes,  which  have 
become  more  intense  with  each  passage,  set  this  disease  apart  from  typical 
scrapie  in  Che  goat.   Virus  was  found  in  the  brains  of  these  goats,  but 
except  for  one  isolation  from  upper  colon.  It  has  not  been  detected  in 
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non-neural  tissues.   This  virologic  pattern  is  like  that  observed  in  goats 
inoculated  with  mouse-passaged  scrapie  virus  and  unlike  that  in  naturally- 
infected  goats.   To  determine  whether  serial  passage  of  wild  scrapie  virus 
in  mink  will  cause  a  similar  neuroanatomic  distribution  of  the  lesion  in 
goats,  we  recently  inoculated  several  of  them  with  third  mink  passage  virus. 
Continued  passage  of  mink  encephalopathy  virus  in  goats  has  not  made  it 
pathogenic  for  mice.   Despite  this,  the  mink  virus  undoubtedly  is  a  variant 
of  scrapie  virus. 

The  sedimentation  behavior  of  scrapie  virus  in  homogenates  of 
infected  mouse  spleen  was  determined  by  analytical  differential  centrifuga- 
tion.   The  various  fractions  obtained  by  this  technique  were  identified  by 
enzymatic  and  chemical  markers  and  assayed  for  infectivity  by  titration  in 
mice.   Most  of  the  virus  sedimented  with  free  polyribosomes.   This  was  not 
appreciably  changed  when  the  preparation  was  sonicated  or  treated  with 
sodium  deoxycholate  and  lysolecithin.  Nor  were  the  sedimentation  properties 
of  the  virus  changed  by  heating  the  preparation  to  80°C  for  30  minutes, 
which  destroyed  the  ribosomes  but  not  the  infectivity  of  the  virus.   These 
findings  suggest  that  scrapie  virus  is  a  discrete  infectious  particle 
separable  from  cellular  membranes.  Up  to  now,  the  most  popular  notion  about 
the  nature  of  scrapie  virus  is  that  It  is  an  integral  part  of  such  membranes, 
Isolation  of  scrapie  virus  by  this  method  may  now  be  feasible.  This  work, 
done  in  collaboration  with  Dr.  S.  Prusiner,  is  a  promising  approach  to 
purifying  and  characterizing  scrapie  virus. 

Aleutian  disease.  Much  of  the  past  year  was  devoted  to  completing 
titrations  in  experiments  discussed  in  the  past  3  years.  Few  new 
observations  merit  comment . 

The  appearance  of  precipitating  antibody  in  mink  inoculated  with 
Aleutian  disease  virus  is  taken  to  mean  that  at  least  limited  replication 
of  virus  occurred.   In  some  pastels  inoculated  with  less  virulent  strains 
of  the  virus,  antibody  appears  but  disease  does  not  supervene.   By  contrast, 
in  sapphires,  a  much  more  uniformly  susceptible  genotype,  the  appearance  of 
antibody  has  always  been  assumed  to  herald  the  eventual  occurrence  of  fatal 
disease,  and  this  has  been  so  for  many  hundreds  of  sapphires  studied.   Yet 
we  have  now  recognized  about  10  sapphires  with  antibody  above  1:256  that 
did  not  succumb  to  the  disease.   Their  occurrence  does  not  fit  any  regular 
pattern.  Most  likely  they  represent  a  few  extremely  resistant  sapphires 
in  a  large  population  of  otherwise  extremely  susceptible  mink.  Some 
examined  several  years  after  inoculation  did  not  have  virus  in  spleen  or 
mesenteric  Ijmiph  node. 

Aleutian  disease  virus  does  persist,  however,  in  some  pastels  long 
after  inoculation.   This  has  been  so  only  in  those  that  had  been  inoculated 
with  the  Pullman  strain  of  virus,  which  seldom  causes  overt  disease  in  this 
color  phase.   Nevertheless,  our  observations  suggest  that  it  most  likely 
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occurs  in  only  a  minority  of  pastels,  at  least  beyond  12  months  after 
inoculation.  We  have  detected  virus  in  spleen  or  mesenteric  node  or  both 
at  14,  40,  43,  and  98  months  after  inoculation,  even  in  the  presence  of 
antibody.   The  pathogenetic  and  epidemiologic  significance  of  such 
persistence  is  not  understood. 

Progressive  pneumonia.  Animal  experiments  and  laboratory  work  on 
this  disease  were  discontinued.   Considerable  information  obtained  from 
earlier  studies  will  be  evaluated. 

Neoplastic  disease  in  mink.   At  RML,  neoplastic  disease  is  an 
Important  cause  of  debility  and  death  among  mink  4  to  10  years  old.   One 
such  neoplasm,  a  fibrosarcoma  removed  from  the  subcutis  of  a  7-year-old 
pastel  female,  was  readily  transplanted  in  neonatal  mink  by  inoculation  of 
tumor  cells  passaged  in  vitro.  The  tumor  did  not  grow  in  similarly 
inoculated  young  adult  mink.   Studies  on  transmission  by  cell-free  filtrates 
are  in  progress.  This  transplantable  fibrosarcoma  is  of  interest  as  a 
possible  viral-induced  neoplasm  of  mink.  Moreover,  cells  cultured  from  it 
may  be  useful  for  growing  Aleutian  disease  virus  in  vitro. 

As  was  mentioned  last  year,  this  project,  at  least  in  its  present 
format,  will  be  concluded  over  the  next  few  years.  Hence,  no  large,  long- 
term  experiments  will  be  started  next  year.   Collaborative  studies  with 
Dr.  Prusiner  on  scrapie  virus,  however,  will  continue.  We  have  long  held 
the  view  that  our  work  on  the  animal  diseases  should  be  complemented  by 
some  work  on  human  diseases.  As  a  last-ditch  effort  to  do  so,  we  Inoculated 
a  variety  of  nonprimate  laboratory  animals  with  suspensions  of  brain  from 
11  persons  who  died  of  Jacob-Creutzfeldt  disease.   If  something  should  come 
of  this,  we  may  pursue  the  study  further.  Meanwhile,  our  main  effort  will 
be  directed  toward  completing  studies  begun  up  to  10  years  ago. 
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Appendix  1.   Contract  No.  l-YOl-AI-7 0005-00.   Care  of  Animals  Infected 
with  Slow  Viruses,  Office  of  Naval  Research,  Department  of 
the  Navy,  Arlington,  VA. 

Total  Man  Years:   3/12       Professional:   0         Other:   3/12 

Annual  Funding:   $5,000 

A  large  number  of  mice  were  needed  for  titrating  the  infectivity 
of  various  gradient  fractions  derived  from  these  collaborative  studies  on 
the  purification  of  scrapie  virus.   To  preclude  long  delays  in  testing 
these  materials,  we  made  arrangements  with  the  Naval  Biosciences  Laboratory 
to  temporarily  house  3,000  mice  for  3  months.   These  arrangements  have 
enabled  a  continuity  in  the  assay  tests  for  scrapie  virus. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Objectives  are  to  characterize  the  immunologic  and  other  events  occurring  in 
the  host-ectoparasite  relationship.   Two  associations  -  mice  to  lice  and  ticks 


to  rabbits  -  with  apparent  involvement  of  different  mechanisms,  are  being 
studied.   Current  emphasis  is  on  the  roles  of  cellular  (macrophages,  lympho- 
cytes, and  basophilB)  and  humoral  (antibody  and  complement)  elements  of  tick 
rcHlfjtnnco.   An  nnt  IgL-n  complox  has  been  obtnlnod  from  ticks  which  stimulates 
marked  JLn  vivo  skirt  reactivity  and  in  vitro  lymphocyte  blastogenesls  of 
rcHlatant  anljnnls  as  well  as  Inducing  immunity  when  injected.   The  herita- 
billLy  ol  I  he  reaponye  of  different  strains  of  mice  to  louse  infestation  will 
be  determined  in  inbred  lines  established  by  selection.   The  degree  of  speci- 
ficity of  acquired  resistance  of  cavies  and  rabbits  to  ticks  is  being  studied 
by  multiple  exposures  to  closely-  and  distantly-related  ectoparasites.  Ultra- 
structure  and  the  ultrastructural  cytochemical  nature  of  the  tick-feeding 
lesion  will  be  examined. 
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Project  Description: 


Immunological  responses  of  hosts  to  blood-feeding  arthropods  have    ' 
not  been  investigated  extensively.   Host  reactions  to  these  ectoparasites 
fall  within  a  wide  spectrum  of  responses,  but  allergic  dermatitis  is  the 
response  most  frequently  in  man  and  domestic  animals.   This  response  has  an 
Immunologic  basis  and  is  commonly  elicited  by  repeated  feeding  of  the 
ectoparasite.   Studies  from  this  laboratory  have  shown  that  the  resistance 
response  elicited  by  ectoparasite  infestation  can  take  different  forms.   It 
is  the  objective  of  this  work  to  characterize  the  nature  of  the  immunologic 
responses  of  hosts  to  infestation  with  either  lice  or  ticks  and  to  possibly 
develop  methods  by  which  these  responses  might  be  used  to  alter  host 
reactivity  to  ectoparasite  infestation.   Since  both  ticks  and  lice  can 
transmit  pathogens  to  their  hosts,  it  is  possible  that  such  immuno- 
manipulative  measures  might  inhibit  the  spread  of  pathogens  fi^om  the  vector 
to  the  host. 

Mouse  resistance  to  louse  infestation  and  guinea  pig  resistance  to 
ticks  are  very  different.   Tick  resistance  is  established  as  a  systemic 
Immune  response  while  louse  resistance  is  localized  to  the  site  of  previous 
infestation.   Work  is  continuing  on  characterizing  the  cytology- 
histopathology  of  louse  feeding  sites  in  immunosuppressed  mice.   These 
immunosuppressants  have  altered  the  expression  of  host  resistance  to  lice 
and  it  is  hoped  that  these  studies  will  provide  additional  information 
concerning  the  mechanisms  of  louse  resistance.   Genetic  studies  have  shown 
that  different  strains  of  mice  respond  differently  to  louse  infestation. 
These  studies  should  provide  information  concerning  the  "carrier  state", 
lack  of  development  of  louse  resistance,  in  addition  to  providing  data 
relative  to  the  resistance  mechanism.   A  coJony  of  nude  mice  is  currently 
being  established  in  order  to  determine  the  consequence  of  thymic  deficiency 
on  the  development  of  louse  resistance. 

Several  approaches  to  determining  the  nature  of  resistance  of  mice 
to  lice  are  currently  in  progress  or  will  be  started  within  the  near  future. 
Various  immunosuppressive  and  immunopotentiating  compounds  are  being  used 
to  determine  the  relative  Importance  of  cell-mediated,  humoral  and 
complement-dependent  immune  mechanisms  in  the  resistance  response.   Passive 
transfer  studies  and  the  use  of  in  vitro  correlates  of  humoral  and  cell- 
mediated  immune  responsiveness  are  also  being  investigated. 

It  has  been  shown  that  guinea  pigs  acquire  resistance  to  larvae  of 
the  ixodid  tick,  Dermacentor  andersoni,  after  one  infestation.   Resistant 
guinea  pigs  allow  significantly  fewer  larvae  to  engorge  during  a  second 
exposure  than  during  an  initial  infestation,  and  larvae  feeding  on  resistant 
lioslK  wol^'.h  leHS  Lh.m  those  feeding  on  a  nonresLsLant  host.   Significant 
cpll-mediated,  humoral,  and  complement-dependent  immune  responsiveness  is 
aHsoclaCed  with  Lhe  resistance  response.   These  findings  were  established 
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through  the  use  of  Immunosuppressants,  anticomplementary  reagents,  and 
through  passive  transfer  studies.   Identification  of  the  cell  populations 
active  In  the  expression  of  tick  resistance  Is  being  Investigated  through 
the  passive  transfer  of  enriched  cell  populations  between  syngeneic  hosts 
and  by  hlstopathologlcal  studies.  An  antigenic  complex  derived  from  ticks 
Is  capable  of  Inducing  delayed  skin  reactivity,  stimulating  antigen-specific 
in  vitro  blastogenesls  of  lymphocytes  from  tick  resistant  hosts  and  inducing 
a  level  of  tick  resistance  in  guinea  pigs  not  previously  exposed  to  ticks. 
In  addition,  tick  resistant  hosts  develop  lesions  at  the  site  of  larval 
attachment  which  are  characterized  by  intense  basophil  infiltrations. 

Experiments  designed  to  further  characterize  the  nature  of  tick 
resistance  are  in  progress.   Current  and  future  studies,  using  several 
approaches,  are  attempting  to  define  the  role  of  the  basophil  in  the 
resistance  response.   Whether  host  resistance  to  the  ectoparasite  prevents 
the  transmission  of  vector-borne  pathogens  is  being  studied  along  with 
attempts  to  further  potentiate  the  degree  of  host  resistance.   Studies 
examining  the  consequences  of  tick  infestation  on  the  general  immuno- 
competence  of  the  host  are  in  progress.   Preliminary  studies  have  shown 
that  resistance  to  one  Ixodid  species  is  protective  against  challenge  with 
a  second  Ixodid  species.   Cross-resistance  studies  are  being  conducted  using 
5  genera  and  10  species  of  ixodid  ticks.   The  ultrastructure  and  ultra- 
structural  cytochemlcal  nature  of  the  tick-feeding  lesions  will  be  examined 
as  a  long-term  study. 


Publications: 

Stewart,  S.  J.,  Bell,  J.  F.,  Hestekin,  B.,  and  Moore,  G.  J.:  Polyplax 
serrata;   Effects  of  limb  disability  on  lousiness  in  mice.  VI.  Lack 
of  tolerance  after  neonatal  exposure.   Exp.  Parasitol.  40:   373-379, 
1976. 

Nelson,  W.  A.,  Bell,  J.  F.,  Clifford,  C.  M.,  and  Keirans,  J.  E.: 
Interaction  of  ectoparasites  and  their  hosts.  J.  Med.  Entomol.  13: 
389-428,  1977. 

Wikel,  S.  K.  and  Allen,  J.  R. :   Acquired  resistance  to  ticks. 

III.   Cubra  venom  factor  and  the  resistance  response.   Immunology  32: 

4'>7-466,    1977. 
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SUMMARY  OF  WORK  (200  words  or  less  -  underline  keywords) 

Arthropod  cell  culture  systems  are  developed  from  ticks  and  mosquitoes  and 
applied  to  the  study  of  vector-borne  disease  agents  (arboviruses  and 
rickettsias) .   These  pathogens  are  tested  for  ability  to  propagate  in  the 
cultures  and  the  susceptibilities  of  the  cell  systems  are  thus  defined.   After 
prolonged  growth  in  vitro  and  at  the  relatively  low  temperatures  required  by 
insect  cells,  pathogens  are  tested  for  changes  in  strain,  virulence,  or 
antigenic  characteristics.   By  contract  with  a  collaborating  laboratory 
overseas,  arboviruses  are  studied  from  a  standpoint  of  comparative  dynamics 
of  replication  in  vector  and  vertebrate  cells. 
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Project  Description: 


We  are  Investigating  the  host-range,  cellular  relationships,  and 
growth  dynamics  of  pathogenic  vector-borne  agents  In  bloodsucking  arthropods 
or  their  cells. 

The  Alphavirus-like  "ALSA"  agent,  a  poorly  understood  latent  virus 
of  some  cultured  Aedes  albopictus  (mosquito)  cells,  was  studied  with  regard 
to  interference  of  other  viral  growth  in  mosquito  cells.  Prior  infection 
of  5  Aedes  cell  lines  with  an  Alphavirus  such  as  Chlkungunya  (CHIK)  or 
O'nyong-nyong  (CNN)  failed  to  inhibit  growth  of  ALSA  virus  upon  super- 
infection.  However,  when  cells  were  first  infected  with  ALSA  virus,  both 
CHIK  and  ONN  were  significantly  inhibited  as  super infecting  viruses.   Other 
unrelated  viruses  were  not  so  inhibited.  ALSA  is  apparently  not  pathogenic 
for  laboratory  animals.   Our  continuing  studies  with  this  agent  may  provide 
an  understanding  of  the  influence  of  the  vector  cells  on  infectivity  and 
pathogenicity  of  arboviruses.  The  possibility  that  ALSA  virus  may  be  a 
stem  arbovirus  could  have  significance  for  prophylaxis  and  control. 

Studies  of  virus  growth  in  arthropod  cell  lines  provide  information 
useful  in  the  isolation,  identification,  and  classification  of  arboviruses. 
Five  unrelated  viruses  previously  isolated  by  us  from  North  American  ticks 
(Aransas  Bay,  Tillamook,  Midway,  Alaska-85,  Oceanslde) ,  as  well  as  Eyach 
virus,  a  European  variant  of  Colorado  tick  fever  virus,  were  tested  in  2  to 
4  insect  cell  lines  and  in  primary  tick  cell  cultures.  Most  grew  only  in 
the  tick  cells,  and  their  failure  to  grow  in  insect  cell  lines  reaffirms 
the  selective  ability  of  the  mosquito  cell  system.  A  study  of  growth  of  24 
strains  of  arboviruses  of  various  genera  and  serological  groups  was 
completed  in  our  newly  established  tick  cell  line  (Dermacentor  parumapertus) . 
Seventeen,  including  both  mosquito-  and  tick-borne  viruses,  multiplied 
without  cytopathic  effect  (CPE).   In  general,  viruses  from  Ixodidae  (hard 
ticks)  multiplied  to  higher  levels  than  those  from  Argasldae  (soft  ticks) . 
This  study,  now  in  press.  Indicates  that  the  D.  panimpertus  cell  line  offers 
a  useful  alternative  system  in  which  to  propagate  arboviruses,  especially 
tick-borne  ones.   One  manuscript  describing  the  above  results  is  in  press 
and  two  others  are  in  preparation.   In  view  of  our  success  in  establishing 
a  continuing  line  of  tick  cells,  efforts  were  renewed  to  repeat  this 
singular  accomplishment.   Over  150  primary  cultures  were  prepared  from 
D^.  parumapertus  and  6  other  species  of  ticks  and  cells  from  these  were 
subcultured  to  various  passage  levels,  usually  no  more  than  four.   Beyond 
that,  most  cells  show  poor  attachment  and  growth. 

We  continued  to  investigate  the  response  of  arthropod  cells  to 
infection  with  rickettsial,  chlamydial,  and  protozoan  agents  of  human 
disease.   Propagation  of  Rickettsia  rickettsii  in  primary  cultures  of 
D^.  andersoni  caused  extensive  CPE.  As  little  as  2  plaque-forming  units  of 
rlckettsia  multiplied  to  over  6  logs  by  15  days  and  caused  complete  lysis 
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of  the  cells.   Subcultivatlon  of  the  rickettsia  in  D.  andersonl  cultures 
resulted  in  cell  destruction  as  early  as  4  days  postinoculation.   This 
could  not  be  ascribed  to  increase  in  rickettsial  numbers  and  may  be  due  to 
increased  virulence  of  the  organism. 

The  6BC  strain  of  the  psittacosis  organism  multiplied  well  in  2  lines 
of  Aedes  (mosquito)  cells,  and  in  D.  andersoni  primary  cultures.   Plaque 
assay  procedures  for  growth  of  this  agent  in  L  (mouse  fibroblast)  and 
mosquito  cells  have  been  devised  that  offer  some  advantages  over  existing 
procedures. 

Babesia  microti,  recently  Implicated  in  an  outbreak  of  human  disease 
in  Massachusetts,  was  tested  for  ability  to  grow  in  6  established  cell  lines 
and  in  primary  cultures  of  D.  andersoni.  No  growth  was  observed  in  any  of 
the  vertebrate  cells  (Vero,  Microtus,  L) ,  but  some  evidence  of  multiplica- 
tion was  seen  in  Antheraea  cells  examined  by  the  immunofluorescence  (IF) 
technique.   Also,  some  growth  or  possible  accumulation  of  organisms  was 
observed  by  IF  in  mosquito  and  tick  cells.   Primary  tick  tissue  cultures 
were  infective  for  hamsters  up  to  8  days  following  exposure. 

We  continued  to  supply,  upon  request,  arthropod  cells,  viral  stocks, 
antisera,  and  tissue  culture  antigens  to  various  federal,  state,  and 
university  laboratories  and  to  train  visiting  researchers  in  arthropod 
tissue  culture  techniques. 


Publications: 

In  press: 

Bhat,  U.K.M.  and  Yunker,  C.  E.:   Establishment  and  characterization- of 
a  diploid  cell  line  from  the  tick,  Dermacentor  parumapertus  Neumann 
(Acarina:   Ixodidae) .   J.  Parasitol. 

Bhat,  U.K.M.  and  Yunker,  C.  E. :   Susceptibility  of  a  tick  cell  line 
(Dermacentor  parumapertus  Neumann)  to  infection  with  arboviruses. 
Proc.  2nd  International  Symposium  on  Arctic  Arboviruses,  Mont  Gabriel, 
Que.,  Canada,  May  26-28,  1977. 
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Appendix  1.   PL-480  Project  03-030-N.   In  vivo  and  in  vitro  Studies  of 

Certain  Tickborne  Viruses  in  Vector  and  Host  Cells,  Al  Azhar 
University,  Cairo,  Egypt. 

Total  Man  Years:   16  3/12     Professional:   1  3/12     Other:   15 

Annual  Funding  -  $59,400 

Thiu  project,  which  oxplred  in  April  1977,  was  da«ign*d  to  atudy  the 
patterns  of  replication  of  typical  tick-borne  vlruaes  in  vector-  and 
vertebrate-host  tissues.   The  ultimate  goal  was  to  elucidate  factors 
enhancing  or  inhibiting  Quaranfll  virus  multiplication  and  pathogenicity  at 
the  tissue  and  cellular  level  in  these  contrasting  hosts.   Techniques 
employed  included  autoradiographic  and  immunofluorescent  assays.   Six 
research  papers  resulting  from  this  project  are  in  press  or  in  final  stages 
of  publication.  The  agreement  has  been  renewed  for  an  additional  3  years. 
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